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(57) Braking system Including a power-operated hy- 
draulic pressure source (12) operable to deliver a pres- 
surized working fluid, a brake Including a hydraulically 
operated brake cylinder (44, 48). and a flow-rate chang- 
ing device (88, 90. 92, 150; 240, 242, 150; 340, 342, 
344, 150; 436. 438, 440. 342, 150; 436. 438. 440, 150) 
disposed between the power-operated hydraulic pres- 
sure source and the brake cylinder and operable to 
change a rate of flow of the pressurized working fluid 
into the brake cylinder, which rate corresponds to a giv- 
en rate at which the pressurized working fluid is deliv- 
ered from the power-operated hydraulic pressure 
source 
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Description 

[0001] This application is based on Japanese Patent 
Application Nos. 2000-246963 filed on August 16, 2000 
and 2000-402217 filed on December 28, 2000, respec- 
tively, the contents of which are incorporated hereinto 
by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a barking sys- 
tem.. 

Discussion of Related Art 

[0003] Japanese Patent Application No. 
2000-1 74029, which was filed by the assignee of the 
present application and which has not been laid open at 
the time the present invention was made, discloses an 
example of a braking system including (a) a power-op- 
erated hydraulic pressure source operable to deliver a 
pressurized working fluid, (b) a brake including a brake 
cylinder and operated by activation of the brake cylinder 
with the pressurized fluid supplied thereto, and (c) a hy> 
draulic pressure control device disposed between the 
power-operated hydraulic pressure source and said 
brake cylinder and operable to control the pressure of 
the pressurized fluid delivered from the hydraulic pres- 
sure source, for thereby controlling the pressure of the 
pressurized fluid In said brake cylinder. In this braking 
system, the pressure control device includes a master 
cylinder which is disposed between the hydraulic pres- 
sure source and the brake cylinder and which includes 
a pressurizing piston operatively connected to a manu- 
ally operable brake operating member. The pressurizing 
piston partially defines a front pressurizing chamber on 
a front side thereof. The fluid in the pressurizing cham- 
ber is pressurized as the pressurizing piston is ad- 
vanced, so that the brake cylinder is activated with the 
pressurized fluid delivered from the pressurizing cham- 
ber, whereby the brake Is operated. 
[0004] In the braking system described above, the flu- 
id pressure in a rear pressure chamber fonned on the 
rear side of the pressurizing piston is controlled on the 
basis of the pressurized fluid delivered from the power- 
operated hydraulic pressure source. The pressurizing 
piston receives an operating force of the brake operating 
member and an assisting force based on the fluid pres- 
sure in the rear pressure chamber, so that the pressu- 
rizing piston is advanced by a sum of the operating force 
of the brake operating member and the assisting force. 
By controlling the fluid pressure in the rear pressure 
chamber, a relationship between the brake operating 
force and the fluid pressure in the pressurizing chamber, 
namely, a relationship between the brake operating 
force and the braking pressure is controlled. 



} 

2 

[0005] In the braking system indicated above^ the 
flows of the fluid into and from the pressurizing chamber 
of the master cylinder are controlled. More specifically 
described, the pressurized fluid delivered from the pow- 

5 er-operated hydraulic pressure source is fed into the 
pressurizing chamber, or the pressurized fluid is dis- 
charged from the pressurizing chamber to a reservoir, 
so that a relationship between an operating stroke of the 
brake operating member and the pressure of the fluid in 

10 the pressurizing chamber, namely, a relationship be- 
tween the operating stroke and the braking pressure in 
the brake cylinder is controlled. 

[0006] Thus, not only the relationship between the 
brake operating force and the braking pressure but also 
15 the relationship between the operating stroke and the 
braking pressure are controlled in the braking system 
described above. 

SUMMARY OF THE INVENTION 

20 

[0007] It is therefore an object of the present invention 
to provide an improved braking system including a pow- 
er-operated hydraulic pressure source, for instance, a 
braking system capable of controlling at least one of the 
25 operating speed and force of the brake so as to meet 
an operator's requirement or desire relating to an oper- 
ation of the braking system, within the capacity of the 
power-operated hydraulic pressure source. The above 
object may be achieved according to any one of the fol- 
30 lowing modes of the present invention, each of which is 
numbered like the appended claims and depends from 
the other mode or modes, where appropriate, to indicate 
and clarify possible combinations of elements or tech- 
nical features. It is to be understood that the present in- 
35 vention is not limited to the technical features or any 
combinations thereof which will be described for illus- 
trative purpose only. It is to be further understood that a 
plurality of elements or features included in any one of 
the following modes of the invention are not necessarily 
40 provided all together, and that the invention may be em- 
bodied without some of the elements or features de- 
scribed with respect to the same mode. 

(1) A braking system comprising: 

45 

a power-operated hydraulic pressure source 
operable to deliver a pressurized working fluid; 
a brake including a hydraulically operated 
brake cylinder; and 

50 a flow-rate changing device disposed between 

the power-operated hydraulic pressure source 
and the brake cylinder and operable to change 
a rate of flow of the pressurized working fluid 
into the brake cylinder, which rate corresponds 

55 to a given rate at which the pressurized working 

fluid is delivered from the power-operated hy- 
draulic pressure source 
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In the braking system according to the above 
mode (1) of the present invention, the flow-rate 
changing device is arranged to change the rate of 
flow of the pressurized working fluid into the brake 
cylinder, which rate con^esponds to a given amount 5 
of the pressurized working fluid delivered from the 
power-operated hydraulic pressure source. Ac- 
cording to this arrangement, the rate of increase of 
the fluid pressure in the brake cylinder can be 
changed by changing the rate of flow of the pressu- io 
hzed fluid into the brake cylinder, even white the flu- 
id pressure in the brake cylinder is held constant. 
For instance, where the operator of the braking sys- 
tem desires to rapidly increase the fluid pressure in 
the brake cylinder, the flow-rate changing device is is 
commanded to increase the rate of flow of the fluid 
into the brake cylinder. Where the operator desires 
to slowly Increase the fluid pressure in the brake cyl- 
inder, the flow-rate changing device is commanded 
to reduce the rate of flow of the fluid into the brake 20 
cylinder. The flow-rate changing device makes it 
possible to control the rate or gradient of increase 
of the fluid pressure in the brake cylinder, according 
to the operator's desire relating to an operation of 
the brake, without having to use the power-operat- 25 
ed hydraulic pressure source having a large capac- 
ity. In this sense, the flow-rate changing device may 
be considered to be a device arranged to change 
the rate of increase of the fluid pressure in the brake 
cylinder 30 
(2) A braking system according to the above mode 
(1 ), further comprising a hydraulic cylinder disposed 
between the power-operated hydraulic pressure 
source and the brake cylinder including (a) a hous- 
ing, and (b) a pressurizing piston fluid-tightly and 3S 
slidably fitted in the housing and having two pres- 
sure-receiving surface areas which are different 
from each other and which respectively partially de- 
fine a front pressurizing chamber and a rear pres- 
sure chamber on front and rear sides of the pressu- 40 
rizing piston, the hydraulic cylinder being operable 
to supply the brake cylinder with the pressurized 
working fluid delivered from the front pressurizing 
chamber as the pressurizing piston is advanced, 

and wherein the flow- rate changing device in- 45 
eludes a switching device having a first state in 
which the pressurized working fluid is delivered 
from the power-operated hydraulic pressure source 
to one of the front pressurizing chamber and the 
rear pressure chamber which has a larger one of so 
the two pressure-receiving surface areas, and a 
second state in which the pressurized working fluid 
is delivered from the power-operated hydraulic 
pressure source to the other of the front pressuriz- 
ing chamber and the rear pressure chamber 55 

The hydraulic cylinder provided in the braking 
system according to the above mode (2) is arranged 
such that the pressurized fluid is delivered from the 



front pressurizing chamber to the brake cylinder as 
the pressurizing piston is advanced. In one fomn of 
the pressurizing piston, a larger one of the two pres- 
sure-receiving surfaces areas partially defines the 
front pressurizing chamber while the other smaller 
pressu re- receiving surface area partially defines 
the rear pressure chamber. In another form of the 
pressurizing piston, a smaller one of the two pres- 
sure-receiving surface areas partially defines the 
front pressurizing chamber while the other larger 
pressure-receiving surface area partially defines 
the rear pressure chamber. In either of these two 
forms of the pressurizing piston, the pressurized flu- 
id delivered from the power-operated hydraulic 
pressure source is supplied to one and the other of 
the front pressurizing chamber and the rear pres- 
sure chamber In one and the other of the first and 
second states of the switching device of the flow- 
rate changing device. The rate of flow of the pres- 
surized fluid into the brake cylinder in the first state 
(in which the fluid is supplied to the chamber having 
the larger pressure- receiving surface area) is differ- 
ent from that in the second state (in which the fluid 
is supplied to the chamber having the smaller pres- 
sure-receiving surface area). 

Suppose the pressure-receiving surface area 
of the pressurizing piston which partially defines the 
front pressurizing chamber is represented by A^, 
while the pressure-receiving surface area which 
partially defines the rear pressure chamber is rep- 
resented by A3. When the pressurized fluid is deliv- 
ered from the hydraulic pressure source to the rear 
pressure chamber at a flow rate of q, the pressu- 
rized fluid is supplied from the front pressurizing 
chamber to the brake cylinder at a flow rate of (A^/ 
A3)-q. When the pressurized fluid is delivered from 
the hydraulic pressure source to the front pressu- 
rizing chamber at the flow rate of q, on the other 
hand, the pressurized flu id is supplledf rom this front 
pressurizing chamber to the brake cylinder at the 
same flow rate q. 

Therefore, if the pressurizing piston is formed 
such that the pressure-receiving surface area A^ 
partially defining the front pressurizing chamber is 
larger than the pressu re- receiving surface area A3 
partially defining the rear pressure chamber, 
(namely, if A^/A3 > 1 ), the rate of flow of the pres- 
surized fluid into the brake cylinder is higher when 
the pressurized fluid is delivered from the hydraulic 
pressure source to the rear pressure chamber, than 
when the pressurized fluid is delivered from the hy- 
draulic pressure source to the front pressurizing 
chamber. If the pressure-receiving surface area A^ 
is smaller than the pressure-receiving surface area 
A3, (namely, if A^/A3 < 1 ), the rate of flow of the pres- 
surized fluid into the brake cylinder is higher when 
the pressurized fluid is delivered from the hydraulic 
pressure source to the front pressurizing chamber. 
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Where the entire amount of the pressurized flu- 
id delivered form the front pressurizing chamber is 
supplied to the brake cylinder, the rate of flow of the 
fluid from the front pressurizing chamber is equal to 
the rate of flow of the fluid into the brake cylinder. 5 
The hydraulic cylinder includes a single front pres- 
surizing chamber or a plurality of front pressurizing 
chambers. Further, each front pressurizing cham- 
ber is connected to one brake cylinder or a plurality 
of brake cylinders. In any one of those cases, the io 
total amount of the fluid delivered from the hydraulic 
cylinder is equal to the amount of the fluid supplied 
to all of the brake cylinders. Where the braking sys- 
tem has two or more brake cylinders, the flow-rate 
changing device is operated to change the rate of is 
flow of the pressurized flow into all of the brake cyl- 
inders. Where the hydraulic cylinder has two or 
more front pressurizing chambers, the rate of flow 
of the pressurized fluid from the hydraulic cylinder 
is the rate of flow of the fluid from all of the front 20 
pressurizing chambers. 

While there has been described the relation- 
ship between the supply flow of the pressurized fluid 
from the power-operated hydraulic pressure source 
to the hydraulic cylinder and the rate of flow of the 25 
pressurized fluid from the hydraulic cylinder into the 
brake cylinder, there will be described the pressure 
of the pressurized fluid. 

When the pressurized fluid having a pressure 
P is delivered from the power-operated hydraulic 3o 
pressure source to the rear pressure chamber when 
an operating force of a manually operable brake op- 
erating member is zero, that is, when the fluid pres- 
sure in the rear pressure chamber is controlled to a 
value P), the fluid pressure in the brake cylinder 35 
(hereinafter referred to simply as "braking pres- 
sure") is equal to P'{A^/A^). When the pressurized 
fluid Is delivered to the front pressurizing chamber, 
the braking pressure is equal to P. Where the max- 
imum delivery pressure of the power-operated hy- 40 
draulic pressure source is P^ax' braking pres- 
sure can be increased to a highest value of P^^^^ 
(A^A^) in the fomner case, and to a highest value 
of Pn,ax latter case. Where the pressure-re- 
ceiving surface area A1 partially defining the front 45 
pressurizing chamber is larger than the pressure- 
receiving suriace area A3 partially defining the rear 
pressure chamber (where A3/A-1 < 1), the highest 
braking pressure is higher when the pressurized flu- 
id Is delivered from the hydraulic pressure source so 
to the front pressurizing chamber, than when the 
pressurized fluid is delivered to the rear pressure 
chamber. Where the pressure-receiving surface ar- 
ea A^ is smaller than the pressure- receiving surface 
area A3 (where A3/A1 > 1), the highest braking pres- ss 
sure is higher when the pressurized fluid is deliv- 
ered from the hydraulic pressure source to the rear 
pressure chamber. 



As discussed above, the switching device of the 
flow-rate changing device is operable to selectively 
deliver the pressurized fluid from the power-operat- 
ed hydraulic pressure source (e.g., a pump device) 
to one of the front pressurizing chamber and the 
rear pressure chamber, so that the rate of flow of 
the pressurized fluid into the brake cylinder and the 
highest fluid pressure in the brake cylinder (highest 
braking pressure) can bechanged by controlling the 
switching device. Thus, the switching device is ca- 
pable of satisfying both of the operator's desire to 
rapidly increase the braking pressure and the oper- 
ator's desire to cause the brake cylinder to generate 
a large braking force, without having to use the pow- 
er-operated hydraulic pressure source having a 
large capacity. In this sense, the flow-rate changing 
device may be considered to Include a device ar- 
ranged to change the highest braking pressure. 
(3) A braking system according to the above mode 
(2), wherein the flow-rate changing device further 
includes a discharge-flow inhibiting device operable 
to inhibit a discharge flow of the pressurized from 
the rear pressure chamber while the pressurized 
fluid is delivered from the power-operated hydraulic 
pressure source to the front pressurizing chamber 
under the control of said switching device. 

In the braking system according to the above 
mode (3) wherein the discharge flow of the pressu- 
rized fluid from the rear pressure chamber is inhib- 
ited while the pressurized fluid is delivered from the 
hydraulic pressure source to the front pressurizing 
chamber, so that the pressurizing piston Is prevent- 
ed from being retracted. Namely, the pressurized 
fluid delivered to the front pressurizing chamber will 
not cause a retracting movement of the pressurizing 
piston, in order to pemnit a rapid supply flow of the 
pressurized fluid from the front pressurizing cham- 
berto the brake cylinder, for thereby allowing a rapid 
increase of the braking pressure. If the retracting 
movement of the pressurizing piston were permit- 
ted, the rate of supply flow of the pressurized fluid 
from the front pressurizing chamber to the brake 
cylinder would be accordingly reduced. If the pres- 
surizing piston were retracted to its fully retracted 
position, the supply of the pressurized fluid to the 
brake cylinder would be initiated only after the pres- 
surizing piston has been retracted to its fully retract- 
ed position. In the present to the arrangement ac- 
cording to the above form (3), the entire amount of 
the pressurized fluid delivered from the hydraulic 
pressure source is supplied to the rake cylinder, 
thereby assuring a rapid increase of the braking 
pressure. 

Where the pressure- receiving surface area A^ 
partially defining the front pressurizing chamber is 
larger than the pressure-receiving surface area A3 
partially defining the rear pressurizing chamber, 
(namely, if A^ >A3), the rate of flow of the pressu- 
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rized fluid into the brake cylinder is made higher 
when the pressurized fluid Is delivered from the hy- 
draulic pressure source to the rear pressure cham- 
ber. For instance, the pressurized fluid is delivered 
from the hydraulic pressure source to the rear pres- s 
sure chamber In an initial period of an operation of 
a manually operable brake operating member. In 
this case, the fast filling of the brake cylinder can be 
completed in a relatively short time, while reducing 
a delay in the activation of the brake cylinder to pro- io 
vide a braking effect. It is also noted that the highest 
braking pressure can be made higher when the 
pressurized fluid is delivered from the hydraulic 
pressure source to the front pressurizing chamber. 
Where the desired braking force is relatively large, '5 
the pressurized fluid is delivered from the hydraulic 
pressure source to the front pressurizing chamber, 
so that the braking pressure can be raised to the 
maximum delivery pressure of the hydraulic pres- 
sure source. When the fluid pressure in the front 20 
pressurizing chamber is controlled to the maximum 
delivery pressure P^ax hydraulic pressure 

source, the fluid pressure in the rear pressure 
chamber from which the discharge flow of the fluid 
is Inhibited is increased to a value Pmax'CAi/Ag), 25 
which is higher than the maximum delivery pressure 
Praax- Thus, the braking system according to the 
above mode (3) is capable of controlling the braking 
pressure and the rate or gradient of increase of the 
braking pressure according to the operator's re- 30 
quirements relating to the braking operation. 

(4) A braking system according to the above mode 
(3), further comprising a check valve disposed in 
parallel connection with the discharge-flow inhibit- 
ing device, the check valve permitting a flow of the 35 
pressurized fluid in a first direction from the power- 
operated hydraulic pressure source toward the rear 
pressure chamber and inhibits a flow of the pressu- 
rized fluid in a second direction opposite to the first 
direction. 40 

In the braking system according to the above 
mode (4) wherein the check valve is disposed in 
parallel connection with the discharge-flow inhibit- 
ing device, the pressurized fluid can be delivered 
from the hydraulic pressure source to the rear pres- ^5 
sure chamber while the discharge flow of the fluid 
from the rear pressure chamber is Inhibited by the 
discharge-flow inhibiting device. When the pressu- 
rizing piston is advanced by an increase in the op- 
erating stroke of a manually operable brake operat- so 
ing member by the operator, for instance, the pres- 
surized fluid can be Introduced into the rear pres- 
sure chamber through the check valve, so that the 
fluid pressure in the rear pressure chamber is pre- 
vented from being lowered below the atmospheric ss 
level, even while the discharge flow of the fluid from 
the rear pressure chamber is inhibited. 

(5) A braking system according to the above mode 



(1), further comprising a manually operable brake 
operating member, and a hydraulic cylinder dis- 
posed between the power-operated hydraulic pres- 
sure source and the brake cylinder, the hydraulic 
cylinder including (a) a housing, (b) a first pressu- 
rizing piston fluid-tightly and slidably fitted in the 
housing and operatively connected to the brake op- 
erating member, the first pressurizing piston partial- 
ly defining a rear pressure chamber on a rear side 
thereof, and (c) a second pressurizing piston sepa- 
rate from the first pressurizing piston and partially 
defining a front pressurizing chamber on a front side 
thereof, the second pressurizing piston cooperating 
with the first pressurizing piston to partially define 
an intermediate fluid chamber therebetween, the 
hydraulic cylinder being operable to supply the 
brake cylinder with the pressurized working fluid de- 
livered from the front pressurizing chamber as the 
second pressurizing piston is advanced, 

and wherein the flow-rate changing device in- 
cludes a switching device having a first state in 
which the pressurized - working fluid is delivered 
from the power-operated hydraulic pressure source 
to the rear pressure chamber, and a second state 
in which the pressurized working fluid is delivered 
from the power-operated hydraulic pressure source 
to the intermediate fluid chamber. 

When the pressurized fluid is delivered from the 
hydraulic pressure source to the rear pressure 
chamber, the fluid pressure in the intennediate fluid 
chamber Is pressurized by an advancing movement 
of the first pressurizing piston, so that the second 
pressurizing piston is advanced to pressurize the 
fluid in the front pressurizing chamber, and the 
brake cylinder is supplied with the pressurized fluid 
delivered from the front pressurizing chamber. 
When the pressurized fluid is delivered from the hy- 
draulic pressure source to the intermediate fluid 
chamber, the second pressurizing piston is ad- 
vanced to pressurized the fluid in the front pressu- 
rizing chamber, so that the brake cylinder is sup- 
plied with the pressurized fluid delivered from the 
front pressurizing chamber. 

Where the power-operated hydraulic pressure 
source is defective, the first pressurizing piston is 
advanced by an operation of the manually operable 
brake operating member, until the first pressurizing 
piston is brought into abutting contact with the sec- 
ond pressurizing piston. Subsequently, the first and 
second pressurizing pistons are advanced as a unit, 
so that the fluid pressure in the front pressurizing 
chamber is pressurized to a value corresponding to 
the operating force of the brake operating member. 

Suppose the pressure-receiving surface area 
of the second pressurizing piston which partially de- 
fine the pressurizing piston is represented by A^, 
and the pressure- receiving surface area of the first 
pressurizing piston which partially defines the rear 
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pressure chamber is represented by A3, while the 
pressure-receiving surface areas of the first and 
second pressurizing pistons which partially define 
the intermediate fluid chamber are represented by 
A2 and A2, respectively, as indicated in Fig. 15. s 
When the pressurized fluid having a pressure P is 
delivered from the hydraulic pressure source to the 
rear pressure chamber at a flow rate q, the pressu- 
rized is supplied from the front pressurizing cham- 
ber to the brake cylinder at a flow rate of q-(A^ •A2)/ ^0 
(Ag-Ag'), so that the braking pressure is raised to a 
value P*(A3-A2')/(A^-A2). In this case, the first piston 
is advanced by a distance AL^ = q/Aa, while the sec- 
ond piston is advanced by a distance AL2 = (q/Aa)- 
(A2/A2*). Where a ratio A2/A2' of the pressure-re- i5 
ceiving surface areas A2, Ag of the first and second 
pressurizing pistons which partially define the Inter- 
mediate fluid chamber is higher than "1", the dis- 
tance AL^ of the advancing movement of the second 
piston is larger than the distance AL2 of the advanc- 20 
ing movement of the first piston (AL2> AL^), the first 
pressurizing piston does not contact the second 
pressurizing piston where the pressurized fluid is 
delivered from the hydraulic pressure source to the 
rear pressure chamber. 25 

When the pressurized fluid is delivered from the 
hydraulic pressure source to the intermediate fluid 
chamber, the pressurized fluid is supplied from the 
front pressurizing chamber to the brake cylinder at 
a flow rate of q-(A/A2'). and the braking pressure 30 
Is raised to a value P-IAq/A^). 

In the above second case, the rate of flow of 
the pressurized fluid into the brake cylinder Is made 
higher and the braking pressure is made lower 
when the pressurized fluid is delivered from the hy- 35 
draulic pressure source to the rear pressure cham- 
ber, where the pressure-receiving area A2 of the 
first pressurizing piston is larger than the pressure- 
receiving area A3 of the same piston (A2/A3 > 1). 
The second pressurizing piston may be designed 40 
such that its pressure- receiving surface area Ag 
partially defining the intermediate fluid chamber Is 
equal to the pressure-receiving surface area A^ par- 
tially defining the front pressurizing chamber. 

The braking system according to the above 
mode (5) may Incorporate the technical feature ac- 
cording to any one of the above modes (2)-(4). 
Where the discharge-flow inhibiting device de- 
scribed above is provided in the braking system ac- 
cording to the above mode (6), the retracting move- so 
ment of the first pressurizing piston Is prevented 
when the fluid pressure In the intermediate fluid 
chamber is increased with the pressurized fluid de- 
livered thereto from the hydraulic pressure source. 
(6) A braking system according to any one of the 55 
above modes (2)-(5), wherein the switching device 
includes a communication control valve device op- 
erable for selective fluid communication of the pow- 



er-operated hydraulic pressure source with one of 
at least two fluid chambers of the hydraulic cylinder, 
the at least two fluid chambers including the front 
pressurizing chamber and the rear pressure cham- 
ber 

The communication control valve device may 
include at least one control valve operable to control 
flows of the pressurized fluid from the hydraulic 
pressure source to the at least two fluid chambers 
of the hydraulic cylinder, which include the front 
pressurizing chamber and the rear pressure cham- 
ber. The valve device may include a single direc- 
tional control valve disposed between the hydraulic 
pressure source and the two or more fluid cham- 
bers, or a plurality of control valves disposed be- 
tween the hydraulic pressure source and the re- 
spective fluid chambers. Each control valve may be 
an electromagnetic shut-off valve which is opened 
and closed by energization of de-energizalion of a 
coil, or alternatively an electromagnetic pressure 
control valve operable to control the fluid pressure 
according to an amount of electric current to be ap- 
plied to its coll. Where the communication control 
valve device includes an electromagnetic shut-off 
valve or valves, a separate pressure control valve 
may also be provided. However, the fluid pressure 
may be controlled by controlling the duty ratio of the 
electromagnetic shut-off valve or valves. 
(7) A braking system according to any one of the 
above modes (2)-(6), further comprising a pressure 
control device operable to control a pressure of the 
pressurized fluid in at least one of at least two fluid 
chambers of the hydraulic chamber, on the basis of 
an operation-related amount representative of an 
operating state of a manually operable brake oper- 
ating member, the at least two fluid chambers in- 
cluding the front pressurizing chamber and said 
rear pressure chamber. 

Where at least of the fluid pressures in the rear 
pressure chamber, the front pressurizing chamber 
and the intermediate fluid chamber, which have 
been discussed above with respect to the above 
mode (5), for example, is controlled on the basis of 
the operating state of the manually operable brake 
operating member, the braking pressure can be 
controlled so as to meet the operator's desires or 
requirements relating to an operation of the brake 
cylinder The operating amount representative of 
the operating state of the brake operating member 
may be an amount determined by an operating 
force or an operating stroke of the brake operating 
member, or an amount determined by both of the 
operating force and stroke of the brake operating 
member. The pressure control device arranged to 
control the fluid pressure in the appropriate fluid 
chamber on the basis of the operating amount may 
be adapted to control the fluid pressure according 
to the operating amount per se, or alternatively ac- 
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cording to a change in this operating amount, or ac- 
cording to both of the operating amount and its 
change. 

The pressure control device may include at last 
one electromagnetic control valve. In this case, the 5 
at least one electromagnetic control valve may 
function as the communication control valve device 
described above with respect to the above mode 
(6), or may function as part of the communication 
control valve device, io 
(8) A braking system according to the above mode 
(1), further comprising: 

a low-pressure source for storing the working 
fluid at a pressure substantially equal to an at- is 
mospheric level; 

a hydraulic cylinder disposed between the pow- 
er-operated hydraulic pressure source and the 
brake cylinder and including (a) a housing, (b) 
a stepped pressurizing piston fluid-tightly and 20 
slidably fitted in the housing and including a 
small-diameter portion partially defining a front 
pressurizing chamber on a front side thereof, 
and a large-diameter portion having a larger di- 
ameter than the small-diameter portion and 25 
partially defining a rear pressure chamber on a 
rear side thereof, the large-diameter portion co- 
operating with an outer circumferential surface 
of the small-diameter portion to partially define 
an annular flu id chamber, the hydraulic cylinder 30 
being operable to supply the brake cylinder with 
the pressurized fluid delivered from the front 
pressurizing chamber as the pressurizing pis- 
ton is advanced, 

and wherein the flow-rate changing device in- -35 
eludes a communicating valve device operable 
while the pressurized flu id is delivered from the 
power-operated hydraulic pressure source to 
the rear pressure chamber, the communicating 
valve device having a first state for permitting 40 
a supply flow of the pressurized fluid from the 
annularfluid chamberto the brake cylinder, and 
a second state for permitting a discharge flow 
of the pressurized fluid from the annular fluid 
chamber to the low-pressure source, the com- 45 
munlcating valve device being switched from 
the first state to the second state while the pres- 
surizing piston is advanced. 

Suppose the pressure- receiving surface area so 
of the small-diameter portion of the pressurizing pis- 
ton which partially defines the front pressurizing 
chamber is represented by A^, and the pressure- 
receiving surface area of the large-diameter portion 
partially defining the rear pressure chamber is rep- 55 
resented by A3, while the pressure-receiving sur- 
face area of the pressurizing piston partially defin- 
ing the annularfluid chamber is represented by Ag. 



When the pressurized fluid having a pressure P is 
delivered from the power-operated hydraulic pres- 
sure source to the rear pressure chamber at a flow 
rate q, the pressurized fluid is supplied from both of 
the front pressurizing chamber and the annularfluid 
chamber to the brake cylinder as the pressurizing 
piston is advanced. The rate of flow of the pressu- 
rized fluid into the brake cylinder is represented by 
q-(Ai + A2)/A3, and the braking pressure in the 
brake cylinder is raised to a value P-{A3/(A2 + A^)}. 
When the discharge flow of the pressurized fluid 
from the annular fluid chamber is permitted, the 
pressurized fluid is supplied to the brake cylinder 
from the front pressurizing chamber but not from 
the annular fluid chamber. In this second state of 
the communicating valve device, the rate of flow of 
the pressurized fluid into the brake cylinder is rep- 
resented by q-(A^/A3), and the braking pressure is 
raised to a value P-iA^/^^). 

Since the pressure-receiving surface area Ai is 
smaller than the pressure-receiving surface area 
A3, a ratio A*^A^ of these surface areas is larger 
than "1 When the discharge flow of the fluid from 
the annular fluid chamber is permitted, the braking 
pressure can be made higher than the pressure of 
the fluid pressurized by the hydraulic pressure 
source. When the supply flow of the fluid from the 
annular fluid chamber to the brake cylinder is per- 
mitted, the pressurized fluid is supplied to the brake 
cylinder from both of the front pressurizing chamber 
and the annular fluid chamber, so that the pressu- 
rized fluid can be delivered to the brake cylinder at 
a relatively high flow rate. Accordingly, the fast filling 
of the brake cylinder can be completed in a relative- 
ly short time by initially placing the communicating 
valve device in the first state in which the supply 
flow of the fiuid'into the brake cylinder is permitted, 
and the braking pressure can be raised to a rela- 
tively high level by subsequently placing the com- 
municating valve device in the second state in 
which the discharge flow of the fluid from the annu- 
lar chamber is permitted. This function achieved in 
the second state of the communicating valve device 
may be called a "fill-up" function, and the commu- 
nicating vale device may be called a fill-up device 
operable to Increase the braking pressure after the 
fast filling of the brake cylinder. 

In the first state of the communicating valve de- 
vice in which the supply flow of the pressurized fluid 
from the annular fluid chamber to the rake cylinder 
is permitted, the pressurized fluid may b supplied to 
the brake cylinder directly from the annular fluid 
chamber, or through the front pressurizing cham- 
ber. 

The communicating valve device may include 
a first control valve provided in a fluid passage con- 
necting the annularfluid chamber and the tow-pres- 
sure source, and a sec.ond control valve provided a 
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fluid passage connecting the annular fluid chamber 
and the brake cylinder. The first control valve has 
an open state for fluid communication between the 
annular fluid chamber and the low-pressure source 
and a closed state for Isolating the annular fluid s 
chamber from the low-pressure source. The second 
control valve has an open state for fluid communi- 
cation between the annular fluid chamber and the 
brake cylinder and a closed state for isolating the 
annular fluid chamber from the brake cylinder. The io 
second control valve may be provided in a fluid pas- 
sage connecting the annular fluid chamber and the 
front pressurizing chamber. The fluid passage con- 
necting the annular fluid chamber and the front 
pressurizing chamber may be provided either out- is 
side the housing of the hydraulic cylinder. The first 
control valve may be an electromagnetic control 
valve, or a pressure relief valve which pemnlts a dis- 
charge flow of the pressurized fluid from the annular 
fluid chamber to the low-pressure source when the 
fluid pressure in the annular fluid chamber has be- 
come higher than that in the low-pressure source 
by more than a predetermined amount. The second 
control valve may be an electromagnetic control 
valve, or a check valve which permits a flow of the ^5 
pressurized fluid in a direction from the annular fluid 
chamber toward the brake cylinder while the fluid 
pressure in the annular fluid chamber Is higher than 
that in the brake cylinder or front pressurizing cham- 
ber. 30 

A device for enabling or disabling the commu- 
nicating valve device may be provided. In an exam- 
ple of the communicating valve device shown In Fig. 
20 which includes a flow restricting device including 
a pressure relief valve as the first control valve In- 35 
dicated above, a shut-off valve may be provided In 
series connection with the flow restricting device, to 
enable or disable the flow restricting device to op- 
erate, that is, to selectively permit and Inhibit restric- 
tion of the fluid flow from the annular fluid chamber 
to the low-pressure source. The fill-up function in- 
dicated above is achieved when the fluid flow is re- 
stricted, and is not achieved when the fluid flow is 
not restricted. 

The technical feature according to the above ^5 
mode (8) may be a subject matter of the present 
invention, independently of the technical feature ac- 
cording to the above mode (1 ). 
(9) A braking system according to any one of the 
above modes (1)-(8), further comprising: so 

a master cylinder including (a) a housing, and 
(b) a pressuring piston fluid-tightly and slidably 
fitted in the housing and partially defining a front 
pressurizing chamber on a front side thereof, 55 
the pressurizing piston being advanced by an 
operation of a manually operable brake operat- 
ing member, the master cylinder being opera- 



ble to supply the brake cylinder with the pres- 
surized working fluid delivered from the front 
pressurizing chamber as the pressurizing pis- 
ton is advanced; 

a hydraulic booster operable to apply an assist- 
ing force based on a pressure of the pressu- 
rized working fluid received from the power-op- 
erated hydraulic pressure source; and 
an assisting cylinder including a pressurizing 
piston which partially defines a pressurizing 
chamber on a front side thereof and which is 
advanced by the pressurized working fluid re- 
ceived from the power-operated hydraulic pres- 
sure source, the assisting cylinder being oper- 
able to supply the brake cylinder with the pres- 
surized working fluid delivered from the pres- 
surizing chamber thereof as the pressurizing 
piston thereof Is advanced, 
and wherein the flow-rate changing device in- 
cludes a switching device having a first state in 
which the pressurized working fluid is delivered 
from the power-operated hydraulic pressure 
source to the hydraulic booster, and a second 
state in which the pressurized working fluid is 
delivered from the power-operated hydraulic 
pressure source to the assisting cylinder. 

In the braking system according to the above 
mode (9). the pressurized fluid can be delivered to 
the brake cylinder at different flow rates in the first 
and second states of the switching device of the 
flow-rate changing device. Namely, the rate of flow 
of the fluid into the brake cylinder when the pressu- 
rized fluid Is delivered from the power-operated hy- 
draulic pressure source to the hydraulic booster can 
be different from the rate of flow when the pressu- 
rized fluid is delivered from the hydraulic pressure 
source to the assisting cylinder. 

In the first state of the switching device in which 
the pressurized fluid is delivered from the hydraulic 
pressure source to the hydraulic booster, the pres- 
surizing piston of the master cylinder receives an 
advancing force which is an operating force of the 
manually operable brake operating member as 
boosted by the hydraulic booster. The pressurizing 
piston of the master cylinder is advanced by this ad- 
vancing force to pressurize the fluid in the front 
pressurizing chamber to a value corresponding to 
the advancing force, and the brake cylinder is sup- 
plied with the pressurized fluid delivered from the 
front pressurizing chamber of the master cylinder, 
whereby the brake is activated. 

In the second state of the switching device in 
which the pressurized fluid is delivered from the hy- 
draulic pressure source to the assisting cylinder, the 
assisting cylinder is isolated from the master cylin- 
der, and is operated by the pressurized fluid deliv- 
ered from the hydraulic pressure source, so that the 
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brake cylinder is supplied with the pressurized fluid 
delivered from the pressurizing chamber of the as- 
sisting cylinder, whereby the brake is activated. 

The hydraulic booster may have a rear pres- 
sure chamber which has been described with re- 5 
spect to the above mode (3), for instance. 

(10) A braking system according to any one of the 
above modes (1)-(9), wherein the flow-rate chang- 
ing device is operable to change said rate of flow of 

the pressurized working fluid into the brake cylinder, io 
on the basis of a pressure of the fluid in the brake 
cylinder. 

(11 ) A braking system according to any one of the • 
above modes (1)-(10), wherein the flow-rate 
changing device is operable to change the rate of i5 
flow of the pressurizing working fluid into the brake 
cylinder, on the basis of a rate of Increase of a pres- 
sure of the fluid in the brake cylinder. 

The flow-rate changing device which is capable 
of changing the rate of flow of the pressurized fluid 20 
into the brake cylinder may be arranged to change 
the highest pressure in the brake cylinder. In this 
respect, it is reasonable to change the rate of flow 
of the fluid into the brake cylinder on the basis of 
the braking pressure or the rate or gradient of In- 2s 
crease of the braking pressure. 

The braking systems according to the above 
modes (10) and (11) require a braking-pressure de- 
tecting device for detecting the braking pressure. 
This braking-pressure detecting device may be ar- 30 
ranged to either directly or indirect detect the brak- 
ing pressure. For instance, the braking-pressure 
detecting device is an^nged to detect a fluid pres- 
sure at any portion of the braking system at which 
the fluid pressure is expected to be almost equal to 35 
the braking pressure (fluid pressure in the brake cyl- 
inder). More specifically described, the braking- 
pressure detecting device may be arranged to de- 
tect a fluid pressure in a fluid passage connected to 
the brake cylinder or a fluid pressure in a master 40 
cylinder connected to the brake cylinder, or alterna- 
tively an output pressure of a hydraulic pressure 
source device connected to the brake cylinder, 
which hydraulic pressure source device will be de- 
scribed in the following DETAILED DESCRIPTION 45 
OFTHE PREFERRED EMBODIMENTS. The brak- 
ing pressure can be estimated on the basis of the 
deceleration value of a body equipped with the 
present braking system, such as an automotive ve- 
hicle. In this case, a deceleration detecting device 50 
serves as the braking -pressure detecting device. 

The flow-rate changing device may be ar- 
ranged to change the rate of flow of the pressurized 
fluid into the brake cylinder, either continuously or 
in steps, on the basis of the braking pressure or a 55 
rate of increase of the braking pressure. In the brak- 
ing system according to any one of the following 
modes (12)-(14) of the Invention, the rate of flow of 



the pressurized fluid into the brake cylinder is 
changed when the braking pressure has reached a 
predetermined value. The manner of determining 
this predetermined value will be described. 

(12) A braking system according to any one of the 
above modes (1 )-(1 1 ). wherein the flow-rate chang- 
ing device is operable to change the rate of flow of 
the pressurized working fluid Into the brake cylinder, 
when a pressure of the fluid in the brake cylinder 
has reached a predetermined value which is deter- 
mined on the basis of an operating state of the pow- 
er-operated hydraulic pressure source. 

As described above, the flow-rate changing de- 
vice is an-anged to change the rate of flow of the 
pressurized wort<lng fluid into the brake cylinder, 
which rate corresponds to a given rate at which the 
pressurized working fluid Is delivered from the pow- 
er-operated hydraulic pressure source. However, 
the rate of flow of the pressurized fluid into the brake 
cylinder is changed with a change in the rate of flow 
of the pressurized fluid from the power-operated hy- 
draulic pressure source. It is also noted that the flow 
rate of the hydraulic pressure source Is determined 
by the operating state of the hydraulic pressure 
source itself. Accordingly, it is reasonable to change 
the rate of flow of the pressurized fluid into the brake 
cylinder on the basis of the operating state of the 
hydraulic pressure source. 

For Instance, the flow-rate changing device 
may be arranged to be switched, when the braking 
pressure has reached a predetemiined value, from 
the first state in which the pressurized fluid is deliv- 
ered to the brake cylinder at a relatively high flow 
rate, to increase the braking pressure to a relatively 
low level, to the second state in which the pressu- 
rized fluid is delivered to the brake cylinder at a rel- 
atively low rate, to increase the braking pressure to 
a relath^ely high level. Where the power-operated 
hydraulic pressure source is in an operating state 
In which it is able to operate so as to fully achieve 
its function, the predetermined value of the braking 
pressure at which the flow-rate changing device is 
switched to the second state may be detennined to 
be relatively high, for Instance. In this case, the 
highest braking pressure in the first state is not so 
low, so that it Is desirable to supply the pressurized 
fluid to the brake cylinder at a relatively high rate. 

(1 3) A braking system according to any one of the 
above modes (1)-(12), wherein the power-operated 
hydraulic pressure source includes a pump device 
comprising (a) an electric motor operable with an 
electric energy, and (b) a pump driven by the electric 
motor to deliver the pressurized working fluid, 

and wherein the flow-rate changing device is 
operable to change the rate of flow of the pressu- 
rized working fluid into the brake cylinder when a 
pressure of the fluid in the brake cylinder has 
reached a predetennlned value which is determined 
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on the basis of an amount of etectric energy applied 
to the electric motor. 

The maximum flow rate and delivery pressure 
of the power-operated hydraulic pressure source 
vary within a range of the capacity of the pump de- 5 
vice, such that the maximum flow rate and delivery 
pressure are higher when the amount of electric en- 
ergy applied to the electric motor is relatively large 
than when it is relatively small. Accordingly, It is rea- 
sonable to determine the above-indicated predeter- io 
mined value of the braking pressure on the basis of 
the amount of electric energy applied to the electric 
motor. 

(14) A braking system according to any one of the 
above modes (1 )-(13), wherein the flow-rate chang- is 
ing device is operable to change the rate of flow of 

the pressurized working fluid Into the brake cylinder 
when a pressure of the fluid in the brake cylinder 
has reached a predetermined value which is deter- 
mined on the basis of a temperature of the working 20 
fluid. 

The working fluid flows at a lower rate when its 
temperature is relatively low than when it is relative- 
ly high. Accordingly, it is reasonable to determine 
the above-indicated predetermined value of the 25 
braking pressure (at which the rate of flow of the 
fluid into the brake cylinder is changed) on the basis 
of the temperature (viscosity) of the working fluid. 

Where the flow-rate changing device is ar- 
ranged to be switched from the first state (in which 30 
the rate of flow of the fluid into the brake cylinder is 
relatively high while the braking pressure is in- 
creased to a relatively low level) to the second state 
(in which the rate of flow of the fluid into the brake 
cylinder is relatively low while the braking pressure 35 
is increased to a relatively high level) when the brak- 
ing pressure has reached the predetermined value, 
as described above with respect to the above mode 
(1 2). it is desirable to reduce the predetermined val- 
ue with an increase in the temperature of the work- 40 
ing fluid. Since the rate of flow of the fluid into the 
brake cylinder is not so low In the second state when 
the fluid temperature is relatively high, it is desirable 
to increase the braking pressure to a high level. 

The technical features according to the above ^5 
modes (12)-(14) are available where the flow-rate 
changing device is adapted to change the rate of 
flow of the pressurized fluid into the brake cylinder, 
on the basis of the fluid pressure in the brake cylin- 
der, so 

(15) A braking system according to any one of the 
above modes (1)-(14), wherein said flow-rate 
changing device is operable to change the rate of 
flow of the pressurized working fluid into said brake 
cylinder on the basis of an operation -related ss 
amount of a manually operable brake operating 
member. 

The flow-rate changing device provided in the 



braking system according to the above mode (16) 
permits the braking pressure and the rate of in- 
crease of the braking pressure to be controlled ac- 
cording to an operator's desire or requirement re- 
lating to a braking operation. In this respect, it is rea- 
sonable to change the rate of flow of the pressurized 
fluid into the brake cylinder on the basis of the op- 
erating amount of the brake operating member 
manually operable by the operator of the braking 
system. The operating amount of the brake operat- 
ing member includes an operating force and an op- 
erating stroke of the brake operating member, and 
a combination of the operating force and stroke. 

The flow-rate changing device may be ar- 
ranged to change the rate of flow of the fluid into the 
brake cylinder on both the braking pressure and the 
operating amount of the brake operating member. 

(16) A braking system according to any one of the 
above modes (1)-(15), wherein said flow-rate 
changing device is operable to change the rate of 
flow of the pressurized working fluid into said brake 
cylinder on the basis of a pressure of the pressu- 
rized working fluid delivered from said power-oper- 
ated hydraulic pressure source. 

(17) A braking system according to any one of the 
above modes (2)-(15), wherein said flow-rate 
changing device is operable to change the rate of 
flow of the pressurized working fluid into said brake 
cylinder on the basis of a pressure of the pressu- 
rized working fluid In said front pressurizing cham- 
ber of said hydraulic cylinder 

Where the hydraulic cylinder described above 
with respect to the above mode (2) and the power- 
operated hydraulic pressure source cooperate to 
constitute a hydraulic pressure source device, the 
fluid pressure in the front pressurizing chamber of 
the hydraulic cylinder is considered to be the output 
pressure of the hydraulic pressure source device. 
The braking pressure is equal to the fluid pressure 
in the front pressurizing chamber. 

Where the master cylinder, the hydraulic boost- 
er and the assisting cylinder which have been de- 
scribed above with respect to the above mode (9) 
cooperate with the power-operated hydraulic pres- 
sure source, the fluid pressure in the pressurizing 
chamber of the assisting cylinder is considered to 
be the output pressure of the hydraulic pressure 
source device. The braking pressure is equal to the 
fluid pressure in the pressurizing chamber of the as- 
sisting cylinder. 

(1 8) A braking system comprising: 

a power-operated hydraulic pressure source in- 
cluding a power-operated drive source and op- 
erable to deliver a pressurized working fluid; 
a brake Including a brake cylinder operated by 
the pressurized working fluid delivered from the 
power-operated hydraulic pressure source; 
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and 

a pressure-increase changing device operable 
to change an amount of increase of a pressure 
of the fluid in the brake cylinder, which amount 
of increase corresponds to a given operating s 
amount of the power-operated drive source. 

In the braking system constructed according to 
the above mode (18) of this invention, the amount 
of increase of the fluid pressure in the brake cylinder io 
(braking pressure) corresponding to a given oper- 
ating amount of the power-operated drive source of 
the power-operated hydraulic pressure source can 
be changed. 

The operating amount of the power-operated 
drive source is an operating amount of an output 
member of the power-operated drive source. Where 
the power-operated drive source is an electric mo- 
tor, for example, the operating amount of the power- 
operated drive source may be represented by the 20 
operating amount of an output member of a motion 
converting device adapted to convert a rotary mo- 
tion of the electric motor into a linear movement of 
that output member. Alternatively, the operating 
amount of the power-operated drive source may be ^5 
represented by the operating amount of the output 
shaft of the electric motor. Thus, the output member 
whose operating amount represents the operating 
amount of the power-operated drive source may be 
either rotated or linearly moved when the power-op- 30 
erated drive source is operated. 

The operating amount of the output member in- 
dicated above is an amount of change of the oper- 
ating position of the output member, but may be rep- 
resented by an amount of change of the operating 35 
position per unit time, that is, a rate of change of the 
operating position. Where the output member is a 
rotary member, the operating amount may be rep- 
resented by a cumulative number of revolutions of 
the rotary member or the number of the revolutions 40 
per unit time, that is, the rotating speed of the rotary 
member. Where the power-operated drive source 
is an electric motor, the operating amount may be 
represented by the cumulative number of revolu- 
tions of the output shaft of the electric motor or the 
rotating speed, even where the rotary motion of the 
output shaft is converted into a linear motion of the 
output member of a motion converting device. 

The pressure of the pressurized working fluid 
delivered from the power-operated hydraulic pres- so 
sure source can be controlled by controlling the 
amount of electric power to be supplied to the pow- 
er-operated drive source. The amount of electric 
power may be controlled on the basis of an amount 
of operation of the output member of the drive 55 
source, or an operating force acting on the output 
member. 

The braking system according to the above 



mode (18) may incorporate the technical feature ac- 
cording to any one of the above modes (1 )-{1 7). 

(1 9) A braking system according to the above mode 

(18) . wherein the power-operated hydraulic pres- 
sure source comprises a hydraulic cylinder includ- 
ing (a) a housing, and (b) a pressurizing piston fluid- 
tightly and sitdably fitted In the housing, partially de- 
fining a front pressurizing chamber on a front side 
thereof and advanced by an operation of the power- 
operated hydraulic pressure source, the hydraulic 
cylinder being operable to supply the brake cylinder 
with the pressurized working fluid delivered from the 
front pressurizing chamber as the pressurizing pis- 
ton is advanced. 

In the braking system according to the above 
mode (1 9), the pressurizing piston is advanced. The 
pressurizing piston may be advanced by an advanc- 
ing movement of the output member of the motion 
converting device described above with respect to 
the above mode (18), or by an advancing movement 
of an output member of a force transmitting device 
which will be described with respect to the following 
modes (21 )-(23). 

(20) A braking system according to the above mode 

(19) , wherein the pressure-increase changing de- 
vice is operable to change an operating amount of 
the pressurizing piston corresponding to the given 
operating amount of the power-operated drive 
source of the power-operated hydraulic pressure 
source. 

In the braking system according to the above 
mode (20), the rate of flow of the pressurized fluid 
into the brake cylinder is changed, for example, by 
changing the operating amount of the pressurizing 
piston of the hydraulic cylinder corresponding to the 
given operating amount of the power-operated 
drive source of the hydraulic pressure source. 

The operating amount of the pressurizing pis- 
ton is desirably changed such that the operating 
amount is larger when the operating stroke of the 
pressurizing piston is relatively small than when the 
operating stroke is relatively large. 

(21 ) A braking system according to the above mode 
(19), wherein the power-operated hydraulic pres- 
sure source includes the power-operated drive 
source, the hydraulic cylinder and a force transmit- 
ting device disposed between the power-operated 
drive device and the hydraulic cylinder, 

and wherein the pressure-increase changing 
device includes a transmitting-manner changing 
portion operable to change a manner of transmitting 
a force from the power-operated drive source to the 
pressurizing piston of the hydraulic cylinder, for 
changing an operating amount of the pressurizing 
piston corresponding to the given operating amount 
of the power-operated drive source, to thereby 
change a rate of flow of the pressurizing working 
fluid from the front pressurizing chamber into the 
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brake cylinder. 

By changing the nnanner in which the force is 
transmitted from the power-operated drive source 
to the pressurizing piston of the hydraulic cylinder, 
the operating amount of the pressurizing piston cor- s 
responding to a given operating amount of the drive 
source can be changed to change the rate of flow 
of the fluid from the front pressurizing chamber into 
the brake cylinder, which rate of flow corresponds 
to the given operating amount of the drive source. io 

The operating force of the pressurizing piston 
is usually changed when the operating amount is 
changed. The force is usually transmitted from the 
power-operated drive source to the pressurizing 
piston of the hydraulic cylinder such that a workload is 
of the drive source Is equal to a workload of the hy- 
draulic cylinder. In this case, the operating force of 
the pressurizing piston Is larger when its operating 
amount is relatively large than when it is relatively 
small. 20 
(22) A braking system according to the above mode 
(21 ), wherein the power-operated drive source is an 
electric motor including an output shaft, and the 
force transmitting device includes: 

25 

a rotary motion transmitting device Including an 
output shaft and operable to convert a rotary 
motion of an output shaft of the electric motor 
into a rotary motion of the output shaft of the 
rotary motion transmitting device such that a ro- 30 
fating speed of the output shaft of the rotary mo- 
tion transmitting device is different from that of 
the output shaft of the electric motor; and 
a motion converting device operable to convert 
the rotary motion of the output shaft of the ro- 35 
tary motion transmitting device into a linear mo- 
tion of the pressurizing piston. 

The rotary motion transmitting device Is ar- 
ranged to change a ratio of the rotating speed of the 40 
input shaft of the motion converting device (equal 
to the rotating speed of the output shaft of the rotary 
motion transmitting device) to the rotating speed of 
the output shaft of the electric motor (equal to the 
rotating speed of the Input shaft of the rotary motion 45 
transmitting device). By changing this speed ratio, 
the rotating speed of the Input shaft of the motion 
converting device corresponding to a given operat- 
ing speed of the output shaft of the electric motor 
can be changed. By changing the rotating speed of so 
the input shaft of the motion converting device, the 
speed of movement of the pressurizing piston of the 
hydraulic cylinder can be changed, to change the 
rate of flow of the pressurized fluid from the front 
pressurizing chamber of the hydraulic cylinder Into ss 
the brake cylinder. The rotary motion transmitting 
device is one form of a device operable to change 
a rate of increase of the fluid pressure in the brake 



cylinder, and may be considered to be a rotary mo- 
tion transmitting device of variable speed ratio type. 

The rotary motion transmitting device may in- 
clude a first elliptical gear rotatable with the output 
shaft of the electric motor, and a second elliptical 
gear provided on the side of the input shaft of the 
motion converting device. The speed ratio of the 
first and second elliptical gears is changed by 
changing a state of engagement of the two elliptical 
gears, as described in detail In the DETAILED DE- 
SCRIPTION OF THE PREFERRED EMBODI- 
MENTS. 

The rotary motion transmitting device may in- 
clude a speed-ratio changing device Including a first 
pulley rotatable with the output shaft of the electric 
motor, a second pulley provided on the side of the 
Input shaft of the motion converting device, and a 
belt connecting the first and second pulleys. The 
speed-ratio changing device is arranged to change 
a ratio of effective diameters of the first and second 
pulleys at which the belt engages these pulleys. By 
changing the ratio of the effective diameter of the 
second pulley to that of the first pulley, the rotating 
speed of the second pulley corresponding to a given 
rotating speed of the first pulley can be changed. 

(23) A braking system according to the above mode 
(21), wherein the power-operated drive source is an 
electric motor having an output shaft, and the force 
transmitting device includes 

a motion converting device including an output 
shaft and operable to convert a rotary motion 
of the output shaft of the electric motor Into a 
linear motion of the output shaft of the motion 
converting device; and 

a link mechanism operable to transmit the line- 
ar motion of the output shaft of the motion con- 
verting device to the pressurizing piston of the 
hydraulic cylinder such that a speed of the lin- 
ear motion of the output shaft of the motion con- 
verting device is different from a speed of the 
linear motion of the pressurizing piston. 

By changing the ratio of the speed of movement 
of the pressurizing piston to that of the output shaft 
of the motion converting device, the speed of move- 
ment of the pressurizing piston corresponding to a 
given speed of movement of the output shaft can 
be changed. The link mechanism is preferably ar- 
ranged such that the speed of movement of the 
pressurizing piston is higher when the operating 
stroke of the pressurizing piston is relatively small 
than when It is relatively large. The link mechanism 
is one form of a device operable to change the rate 
of increase of the fluid pressure in the brake cylin- 
der 

(24) A braking system according to the above mode 
(19), wherein the pressurizing piston partially de- 
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fines a rear pressure chamber on a rear side there- 
of, and the pressurenncrease changing device in- 
cludes a communication switching device having a 
first state in which the rear pressure chamber Is 
communicated with the front pressurizing chamber, s 
and a second state in which the rear pressure 
chamber is isolated from the front pressurizing 
chamber. 

In the braking system according to the above 
mode (24), the pressurizing piston receives both a io 
force based on the fluid pressure In the rear pres- 
sure chamber and a force received from the power- 
operated drive source (electric motor). The pressu- 
rizing piston is advanced by a sum of these two forc- 
es, so that the pressurized fluid is supplied from the is 
front pressurizing chamber into the brake cylinder, 
to increase the pressure of the fluid In the brake cyl- 
inder. 

The amount of Increase of the fluid pressure in 
the brake cylinder corresponding to a given operat- 20 
ing amount of the pressurizing piston is larger when 
the rear pressure chamber Is isolated from the front 
pressurizing chamber than when the rear pressure 
chamber is communicated with the front pressuriz- 
ing chamber. 25 

(25) A braking device according to the above mode 
(24), further comprising a low-pressure source for 
storing the woricing fluid at a pressure substantially 
equal to an atmospheric level, and wherein the 
communication switching device Is operable to iso- 30 
late the rear pressure chamber from the front pres- 
surizing chamber and communicate the ear pres- 
sure chamber with the low-pressure source. 

In the braking system according to the above 
mode (25), the fluid pressure In the rear pressure 35 
chamber is held at a level substantially equal to the 
atmospheric pressure while the rear pressure 
chamber Is held in communication with the low- 
pressure source. 

(26) A braking device according to the above mode 40 

(24) , further comprising a master cylinder system 
Including a master cylinder operable to pressurize 
the working fluid according to an operation of a 
manually operable brake operating member, and 
wherein the communication switching device Is op- 45 
erableto isolate the rear pressure chamber from the 
front pressurizing chamber and communicate the 
rear pressure chamber with the maser cylinder sys- 
tem. 

In the braking system according to the above 50 
mode (26), the pressurizing piston of the hydraulic 
cylinder receives a force based on the fluid pressure 
in the master cylinder system, while the rear pres- 
sure chamber is in communication with the master 
cylinder system. 55 

(27) A braking system according to the above mode 

(25) , further comprising a master cylinder system 
comprising a master cylinder Including a pressuring 



piston which partially defines a front pressurizing 
chamber on a front side thereof, the master cylinder 
being operable to pressurize the working fluid In the 
front pressurizing chamber according to an opera- 
tion of a manually operable brake operating mem- 
ber, and wherein the master cylinder system further 
comprises a stroke simulator including a housing, a 
simulator piston which is ftuid-tlghtly and slidably fit- 
ted In the housing and which cooperates with the 
housing to define two variable-volume chambers, 
and biasing means biasing the simulator piston in a 
direction that causes a volume of one of the two var- 
iable-volume chambers to decrease, the one varia- 
ble-volume chamber being connected to the front 
pressurizing chamber of the master cylinder, 

and wherein the communication switching de- 
vice is operable to Isolate the rear pressure cham- 
ber from the front pressurizing chamber of the hy- 
draulic cylinder and communicate the rear pressure 
chamber with the other of the two variable-volume 
chambers of the stroke simulator. 

(28) A braking system according to any one of the 
above modes (24)-(27), wherein the communica- 
tion switching device includes an electromagnetic 
control valve provided in a fluid passage connecting 
the rear pressure chamber and the front pressuriz- 
ing chamber of the hydraulic cylinder, the electro- 
magnetic control valve being electrically switched 
between an open state for fluid communication be- 
tween the rear pressure chamber and the front 
pressurizing chamber of the hydraulic cylinder, and 
a closed state for isolation of the rear pressure 
chamber and the front pressurizing chamber of the 
hydraulic cylinder from each other. 

The communication switching device may in- 
clude any electromagnetic control valve other than 
the control valve provided according to the above 
mode (28). For instance, the communication 
switching device includes an electromagnetic con- 
trol valve provided in a fluid passage connecting the 
rear pressure chamber and front pressurizing 
chambers of the hydraulic cylinder, and an electro- 
magnetic control vah/e provided in a fluid passage 
connecting the rear pressure chamber and the mas- 
ter cylinder system. 

(29) A braking system comprising: 

a hydraulic pressure source device including a 
hydraulic pressure control device and operable 
to deliver a controlled pressurized working flu- 
id; 

a brake including a brake cylinder operated by 
the pressurized woricing fluid delivered from the 
hydraulic pressure source device; and 
a pressure-increase changing device operable 
to change an amount of increase of a pressure 
In the brake cylinder, which amount of increase 
corresponds to a given amount of change of a 
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control value of the hydraulic pressure control 
device. 

The hydraulic pressure source device may in- 
clude a power-operated hydraulic pressure source 
operable to deliver a pressurized working fluid by 
operation of a power-operated drive source, or a 
master cylinder operable to deliver a pressurized 
working fluid whose pressure corresponds to an op- 
erating amount of a manually operable brake oper- 
ating member. In either of these cases, the braking 
system according to the above mode (29) may in- 
corporate the technical feature according to any 
one of the above modes (1)-(28). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The above and other objects, features, advan- 
tages and technical and industrial significance of the 
present invention will be better understood by reading 
the following detailed description of presently preferred 
embodiments of the invention, when considered in con- 
nection with the accompanying drawings, in which: 

Fig. 1 is a hydraulic circuit diagram of a braking sys- 
tem constructed according to one embodiment of 
this invention; 

Figs. 2A and 2B are schematic views of a linear 
valve included in the braking system of Fig. 1 ; 
Fig. 3 is a block diagram showing a hydraulic pres- 
sure control device included the braking system of 
Fig. 1: 

Fig. 4 is a graph indicating a relationship between 
a brake operating force and an output pressure of 
a power-operated hydraulic pressure source de- 
vice, which relationship is controlled by the hydrau- 
lic pressure control device of Fig. 3; 
Fig. 5 Is a schematic view of a master cylinder In- 
cluded in the power-operated hydraulic pressure 
source device; 

Fig. 6 is a graph indicating a relationship between 
fluid pressures in rear pressure chamber and front 
pressurizing chamber of a master cylinder, which 
relationship is controlled by the hydraulic pressure 
control device of Fig. 3; 

Fig. 7 is a graph indicating a change In the fluid pres- 
sure in the pressurizing chamber controlled by the 
hydraulic pressure control device; 
Fig. 8 is a graph indicating a change in a rate of flow 
of the fluid into brake cylinder, which rate of low is 
controlled by the hydraulic pressure control device; 
Fig. 9 is a flow chart illustrating a pressure control 
routine executed according to a pressure control 
program stored in a ROM of the hydraulic pressure 
control device; 

Fig. 1 0 is a view indicating two control states estab- 
lished by the hydraulic pressure control device; 
Fig. 11 is a graph indicating a switching-pressure- 



determining data table stored in the ROM of the hy- 
draulic pressure control device in a braking system 
according to another embodiment of this invention; 
Fig. 12 is a graph indicating a switch Ing-pressure- 
5 determining data table stored in the ROM of the hy- 
draulic pressure control device in a further embod- 
iment of the invention; 

Fig. 1 3 is a graph indicating a switching-ratio-deter- 
mining data table stored in the ROM of the hydraulic 
10 pressure control device in a still further embodiment 
of this invention; 

Fig. 14 is a graph indicating a hydraulic circuit dia- 
gram of a braking system according to a yet further 
embodiment of this invention; 

15 Fig. 1 5 is a schematic view of a master cylinder in 
the braking system of Fig, 14; 
Fig. 1 6 is a view indicating two control states estab- 
lished by a hydraulic pressure control device in the 
braking system of Fig. 14; 

20 Fig. 1 7 is a hydraulic circuit diagram of a braking 
system according to still another embodiment of this 
Invention; 

Figs. 18A and 188 are schematic views of a linear 
valve included in the braking system of Fig. 14; 
25 Fig. 1 9 is a view indicating two control states estab- 
lished by a hydraulic pressure control device in the 
braking system of Fig. 17; 

Fig. 20 is a hydraulic circuit diagram of a braking 
system according to yet another embodiment of this 

30 invention; 

Fig. 21 is a schematic view of a master cylinder in 
the braking system of Fig. 20; 
Fig. 22 is a view indicating three control states es- 
tablished by a hydraulic pressure control device in 

35 the braking system of Fig. 20; 

Fig. 23 is a hydraulic circuit diagram of a braking 
system according to a still further embodiment of 
this invention; 

Fig. 24 is a hydraulic circuit diagram of a braking 
40 system according to a yet further embodiment of 
this invention; 

Fig. 25 is schematic view of a force transmitting de- 
vice in the braking system of Fig. 24; 
Fig. 26 is a view showing an operating state of a link 
45 mechanism in the force transmitting device of Fig. 
25; 

Fig. 27 is a view showing a movement speed ratio 

in the force transmitting device of Fig. 25; 

Fig. 28 is a schematic view of a force transmitting 

50 device used in the braking system of Fig. 24; 

Figs. 29Aand 298 are views indicating an operating 
state of the force transmitting device of Fig. 28; 
Fig. 30 is a hydraulic circuit diagram of a braking 
system according to another embodiment of this in- 

55 vention; 

Fig. 31 is a view indicating two control states estab- 
lished by a hydraulic pressure control device in the 
braking system of Fig. 30; 
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Fig. 32 is a hydraulic circuit diagram of a braking 
system according to a further embodiment of this 
invention; and 

Fig. 33 Is a view indicating two control states estab- 
lished by a hydraulic pressure control device in the 5 
braldng system of Fig. 32. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0009] Referring to Figs. 1-10, a braking system ac- 
cording to a first embodiment of this invention will be 
described. 

[001 0] In Fig. 1 , reference signs 10,12 and 1 4 denote 
a master cylinder, a pump device and a hydraulic pres- 
sure control device, respectively. These mater cylinder 
10, pump device 12 and hydraulic pressure control de- 
vice 14 constitute a major portion of a hydraulic pressure 
source device 1 6. This hydraulic pressure source device 
1 6 delivers a pressurized working fluid whose pressure 
has been controlled by the hydraulic pressure control 
device 14. 

[001 1 ] The master cylinder 1 0 includes two pressuriz- 
ing pistons 18, 19 arranged in series with each other. 
The rear.pressurrzing piston 18 is provided with an as- 
sisting piston 20, which fluid-tightly and slidably extends 
through a closure member 22 fixed at an open end of a 
cylinder housing 21. The assisting piston 20 is opera- 
tively connected at its rear end to a manually operable 
brake operating member in the form of a brake pedal 
24. In the present embodiment, the rear pressurizing 
piston 18 and the assisting piston 20 are fonned inte- 
grally with each other. The two pressurizing pistons 1 8, 
19 cooperate with the cylinder housing 21 to define two 
front pressurizing chambers 26, 28 on the front side of 
the respective pistons 18,19, while the rear pressurizing 
piston 1 8 cooperates with the cylinder housing 21 to de- 
fine a rear pressure chamber 30 on the rear side of the 
piston 1 8. The assisting piston 20 may be considered to 
be a part of the pressurizing piston 18. 
[0012] To the first pressurizing chamber 26. there are 
connected through a fluid passage 42 two brake cylin- 
ders 44 provided for braking two front wheels FL, FR of 
an automotive vehicle. To the second pressurizing 
chamber 28, there are connected through a fluid pas- 
sage 46 two brake cylinders 48 provided for braking two 
rear wheels RL, RR. 

[001 3] Two pressure control valve devices 50, 52 are 
provided for the respective front wheel'brake cylinders 
44. Each of these pressure control valve devices 50, 52 
includes a pressure-holding valve 54 disposed between 
the corresponding brake cylinder 44 and the first pres- 
surizing chamber 26, and a pressure-reducing valve 58 
disposed between the corresponding brake cylinder 44 
and a reservoir 56. A pump passage 60 is connected at 
its one end to the reservoir 56, and is provided with a 
pump 62, check valves 64, 66 and a damper 68. The 
pump 62 pressurizes the fluid received from the reser- 
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voir 56, so that the pressurized fluid is delivered to the 
fluid passage 42. The pump 62 is driven by a pump mo- 
tor 70. 

[0014] Similarly, two fluid pressure control valve de- 
vices 74, 76 are provided for the respective rear wheel 
brake cylinders 48. These valve devices 74, 76 are iden- 
tical with the valve devices 50, 52 provided for the front 
wheel brake cylinders 44. The rear wheel brake cylin- 
ders 48 are connected to another reservoir 56, whbh is 
connected through another pump passage 50 to anoth- 
er pump 62, which is driven by the pump motor 70. The 
pump passage 60 for the rear wheel brake cylinders 48 
is also provided with check valves 64, 66 and damper 
68. Thus, the rear brake-application sub-system for the 
rear wheels RL; RR is identical in construction with the 
front brake-application sub-system for the front wheels 
FL, FR. 

[0015] The pump device 12 Includes a pump 82 pro- 
vided to pressurize the fluid received from a reservoir 
80, and an electric motor 84 to drive the pump 82. The 
maximum delivery pressure and flow rate of the pump 
device 1 2 are determined by the capacities of the pump 
82 and the pump motor 84. A check valve 85 is provided 
on the delivery side of the pump 82, to inhibit a flow of 
the fluid back into the pump 82. The hydraulic pressure 
control device 14 includes a linear valve 86, and a plu- 
rality of electromagnetic control valves 86, 88, 90, 92. 
The linear valve 86 is capable of controlling a fluid pres- 
sure difference across this linear valve 86, according to 
an amount of electric current applied thereto. 
[0016] The pump 82 is connected on its delivery side 
to the rear pressure chamber 30 of the master cylinder 
10 through a fluid passage 96, which is provided with 
the two electromagnetic control valves 88, 90 arranged 
in series with each other. A fluid passage 98 is connect- 
ed at its one end to the first pressurizing chamber 26 
and at the other end to a portion of the fluid passage 96 
between the two control valves 88, 90. The fluid pas- 
sage 98 is provided with the electromagnetic control 
valves 92 and a flow restricting device 99 arranged in 
series with each other. A check valve 100 is provided in 
parallel connection with the control valve 92. This check 
valve 100 pennits a flow of the fluid in a direction from 
the pressurizing chamber 26 toward a point of connec- 
tion 97 of the fluid passage 98 to the fluid passage 96, 
but inhibits a flow of the fluid in the reverse direction. 
The flow restricting device 99 includes a pressure relief 
valve 101 , an orifice 102 and a check valve 104 which 
are in parallel connection with each other. The pressure 
relief valve 101 permits a flow of the fluid from the pres- 
surizing chamber 26 toward the point of connection 97 
when the fluid pressure in the pressurizing chamber 26 
becomes higher than that at the point of connection 97 
by a preset valve opening pressure (preset relief pres- 
sure). The check valve 1 04 permits a flow of the fluid in 
a direction from the point of connection 97 toward the 
pressurizing chamber 26 but inhibits a flow of the fluid 
in the reverse direction. 
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[0017] The linear valve 86 Includes a seating valve 
114, a spring 116, and a solenoid device 120, as shown 
in Figs. 2A and 2B. The seating valve 114 Includes a 
valve member 110 and a valve seat 1 1 2, and the spring 
116 biases the valve member 110 In a direction away 
from the valve seat 112. The solenoid device 120 in- 
cludes a coil 118 and Is operable to generate an elec- 
tromagnetic force F1 corresponding to an amount of 
electric current applied to the coil 118. 
[0018] While the coil 1 8 is in the de-energized state, 
the linear valve 86 is placed in an open state in which 
the valve member 1 10 is held apart from the valve seat 
112 under a biasing force F3 of the spring 116, as indi- 
cated in Fig. 2A. 

[0019] While the coil 1 8 is in the energized state with 
an electric current applied thereto, the electromagnetic 
force F1 corresponding to the amount of electric current 
acts on the valve member 1 1 0 in a direction that causes 
the valve member 110 to be seated on the valve seat 
112. The position of the valve member 110 relative to 
the valve seat 112 is determined by a relationship 
among the electromagnetic force F1 , a force F2 based 
on a difference between the fluid pressures in the rear 
pressure chamber 30 and the reservoir 80, and the bi- 
asing force F3 of the spring 116. The forces F1-F3 are 
indicated in Fig. 2B, which shows the linear valve 86 
placed in the closed state. Thus, the fluid pressure In 
the rear pressure chamber 30 can be controlled by con- 
trolling the amount of electric current to be applied to 
the coil 118. 

[0020] To the rear pressure chamber 30, there is also 
connected a by-pass passage 130 which by-passes the 
two electromagnetic control valves 88, 90. The by-pass 
passage 130 is provided with a check valve 132 which 
permits a flow of the fluid in a direction from the reservoir 
80 toward the rear pressure chamber 30, but inhibits a 
flow of the fluid in the reverse direction. Another by-pass 
passage 1 34 which by-passes the linear valve 86 is pro- 
vided with a checic valve 1 36 which permits a flow of the 
fluid in a direction from the reservoir 80 toward the rear 
pressure chamber 30 but inhibits a flow of the fluid in 
the reverse direction. These check valves 1 32, 1 36 pre- 
vents the fluid pressure in the rear pressure chamber 
30 from being lowered below the atmospheric level. 
[0021] Each of the electromagnetic control valves 88, 
90, 92 is a solenoid-operated shut-off valve which is 
opened and closed by energizing and de-energizing its 
solenoid coil. In the present embodiment, the shut-off 
valve 88 is a normally closed valve which is held in the 
closed state when the solenoid coll is in the de-ener- 
gized state, while the shut-off valves 90, 92 are normally 
open valves which are held in the open state when their 
solenoid coils are In the de-energized state. 
[0022] The present hydraulically operated braking 
system is controlled by an electronic control unit (here- 
inafter referred to as "brake control ECU") 1 50 indicated 
in the block diagram of Fig. 3. The brake control ECU 
1 50 Includes a control portion 1 52 principally constituted 



by a computer, and a plurality of driver circuits 180. The 
control portion 152 Incorporates a central processing 
unit (CPU) 154, a read-only memory (ROM) 156, a ran- 
dom-access memory (RAM) 158, and an input-output 
5 portion 160. To the Input-output portion 160, there are 
connected a pressure sensor 162 for detecting the fluid 
pressure in the fluid passage 42 connected to the first 
pressurizing chamber 26, a rear-chamber pressure sen- 
sor 1 64 for detecting the fluid pressure in the rear pres- 
10 sure chamber 30, an operating force sensor 1 66 for de- 
tecting an operating force acting on the brake pedal 24 
during its operation by the vehicle operator, and wheel 
speed sensors 168 for detecting the rotating speeds of 
the respective wheels FL. FR, RL, RR. To the input-out- 
15 put portion 1 60, there are also connected the above-in- 
dicated driver circuits 180 for controlling the amounts of 
electric current to be applied to the pump motors 70, 84, 
the coll 118 of the linear valve 86, and the colls of the 
pressure-holding valves 54, pressure-reducing valves 
58 and electromagnetic shut-off valves 88-92. In the 
present embodiment, the brake operating force applied 
to a pedal pad 1 82 of the brake pedal 24 is detected on 
the basis of the output signal of the operating force sen- 
sor 166. The output signal of the pressure sensor 162 
represents the fluid pressure in the master cylinder 10, 
which is an output pressure of the hydraulic pressure 
source device 16. While the pressure control valve de- 
vices 50, 52, 74, 76 for the wheel brake cylinders 44, 48 
are placed in their original positions of Fig. 1 , the output 
pressure of the hydraulic pressure source device 16 is 
applied to the wheel brake cylinders 44. 48, without be- 
ing controlled by the pressure control valve devices 
88-92, so that the fluid pressure in the wheel brake cyl- 
inders 44, 48 (hereinafter refen^ed to as "braking pres- 
sure" where appropriate) is equal to the output pressure 
of the hydraulic pressure source device 16. In this re- 
spect, the fluid pressure detected by the pressure sen- 
sor 1 62 (master-cylinder pressure sensor) may be con- 
sidered to be the braking pressure. 
[0023] There will next be described an operation of 
the braking system constructed as described above. 
[0024] When the brake pedal 24 Is operated, the elec- 
tromagnetic shut-off valves 88, 90 are both placed In the 
open state, while the electromagnetic shut-off valve 92 
is placed in the closed state. Namely, the hydraulic pres- 
sure control device 14 Is placed in a first state as indi- 
cated in the table of Fig. 10. In this first state, the pres- 
surizing piston 18 receives both the assisting force 
based on the fluid pressure in the rear pressure cham- 
ber 30 and the operating force of the brake pedal 24, so 
that the pressurizing piston 18 is advanced by a sum of 
these forces. The pressurized fluid is delivered from the 
two pressurizing chambers 26, 28 to the wheel brake 
cylinders 44, 48 as the pressurizing pistons 26, 28 are 
advanced. The fluid pressure in the pressurizing cham- 
ber 26 corresponds to the sum of the above-indicated 
two forces, and the fluid pressure in the pressurizing 
chamber 28 is equal to that in the pressurizing chamber 
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'26. 

[0025] The fluid pressure P3 In the rear pressure 
chamber 30 is controlled such that a servo ratio R3 
which Is a ratio of the input force Fp applied to the pres- 
surizing piston 1 8 to the output force of the pressurizing 
piston 18 is held constant, as indicated In the graph of 
Fig. 4. 

[0026] When the pressurized fluid is delivered at a 
flow rate q from the pump device 1 2 to the rear pressure 
chamber 30. a rate of flow q' of the fluid from the pres- 
surizing chamber 26, 28 to the wheel brake cylinders 
44, 48 is represented by the following equation: 

q' = q.A^i/A^3 

In the above equation, An,i and A,„3 represent pressure- 
receiving surface areas of the pressurizing piston 18 
which partially define the pressurizing chamber 26 and 
the rear pressure chamber 30, respectively. The fluid 
pressure in the wheel brake cylinders 44, 48 is in- 
creased at a gradient corresponding to the flow rate q'. 
[0027] In the present embodiment, the amount of sup- 
ply of the fluid to the wheel brake cylinders 44, 48 is 
interpreted to mean a sum of the fluid amounts supplied 
to the four wheel brake cylinders 44, 48. When the pres- 
sure control valve devices 50, 52, 74, 76 are placed in 
the original positions of Fig. 1 , the total amount of the 
pressurized fluid delivered from the pressurizing cham- 
bers 44, 48 is equal to the total amount of the fluid flow 
Into the wheel brake cylinders 44, 48 for the four wheels 
FL, FR, RL. RR. Therefore, the total amount of supply 
of the fluid to the four wheel brake cylinders 44, 48 Is 
represented by the sum of the fluid flows into these 
wheel brake cylinders 44, 48, and the total amount of 
delivery of the fluid from the two pressurizing chambers 
26, 28 Is represented by the sum of the discharge fluid 
flows from these pressurizing chambers 26, 28, 
[0028] The fluid pressure in the pressurizing cham- 
bers 26, 28 Is represented by the following equation (1), 
as indicated in Fig. 5. 

Pi X = P3 X A^3 + Fp X Rp (1) 

While the pressure control valve devices 50, 52, 74, 76 
are placed In their original positions of Fig. 1, the fluid 
pressure in each wheel brake cylinder 44, 48 is equal to 
the fluid pressure in the pressurizing chambers 26, 28. 
[0029] The fluid pressure In the rear pressure cham- 
ber 30 cannot be raised above the maximum delivery 
pressure of the pump device 12. In view of this fact, the 
servo ratio Rq is reduced as indicated by one-dot chain 
line in Fig. 4 afterthe fluid pressure In the rear pressure 
chamber has been raised to the maximum delivery pres- 
sure. When the brake pedal 24 is placed in the non-op- 
erated position, the fluid pressure in the pressurizing 



chambers 26, 28 is held constant as indicated by one- 
dot chain line in Fig. 7. Therefore, the present embodi- 
ment is adapted such that when the fluid pressure in the 
rear pressure chamber 30 is detected to be equal to the 
5 maximum delivery pressure of the pump device 12, the 
rear pressure chamber 30 is isolated from the pump de- 
vice 12. and the pressurizing chamber 26 is communi- 
cated with the pump device 12, so that the fluid pressu- 
rized by the pump device 12 is delivered to the pressu- 
re rizing chamber 26. 

[0030] The fluid pressure P1 detected when the fluid 
pressure P3 in the rear pressure chamber 30 has been 
raised to the maximum delivery pressure of the pump 
device 12 is represented bythe following equation which 
'5 is obtained by substituting the maximum delivery pres- 
sure Pfnax ^lu'^ pressure P3 in the above equation 
(1): 

In the above equation, "Rp" represents a lever ratio of 
the brake pedal 24. It will be understood that the fluid 
pressure P3 in the rear pressure chamber 30 has been 

2s raised to the maximum delivery pressure P^ax when the 
detected fluid pressure P^ has been increased to the 
value represented by the above equation, that is, to a 
switching pressure Pis = Pmax-Ams^A^i + ^^p-f^p^A^^. 
Since the fluid pressure P^ detected by the pressure 

30 sensor 1 62 is equal to the braking pressure Pyvc the 
wheel brake cylinders 44, 48) when the pressure control 
valves 50, 52, 74, 76 are placed in the original positions 
of Fig. 1, as described above, the fluid pressure P3 in 
the rear pressure chamber 30 has been raised to the 

35 maximum delivery pressure Pmax when the braking 
pressure P^c reached the switching pressure P^g. 
[0031] When the fluid pressure P3 In the rear pressure 
chamber 30 is controlled with the servo ratio R3 kept 
constant, the operating force Fp when the fluid pressure 

40 P3 has been raised to the maximum delivery pressure 
^max >^ represented by the following equation: 

Fp = PmaxXA„3/{Rp{Rs-1)} 

45 

As in the above case, the fluid pressure P3 in the rear 
pressure chamber 30 has been raised to the maximum 
delivery pressure when the operating force Fp has 
been increased to a switching force Fp3 = Pmax ^ 

50 {Rp(Rs - 1)} represented by the above equation. 

[0032] When the fluid pressure P^ detected by the 
pressure sensor 162 has increased to the switching 
pressure P^^, or when the operating force Fp of the 
brake pedal 24 has increased to a switching force Fps, 

55 the electromagnetic shut-off valve 92 is switched to the 
open state, and the electromagnetic shut-off valve90 Is 
switched to the closed state. Namely, the hydraulic pres- 
sure control device 14 is placed in a second state indl- 
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cated in Fig. 10. In this second state, the pressurized 
fluid is delivered from the pump device 12 to the pres- 
surizing chamber 26 through the shut-off valves 99, 92 
and the check valve 104. In the present embodiment, 
the linear valve 86 Is controlled in the second state of 
the hydraulic pressure control device 14, such that the 
fluid pressure in the pressurizing chamber 26 is control- 
led as indicated by two-dot chain line in Fig. 4. 
[0033] In the second state of the hydraulic pressure 
control device 1 4, the electromagnetic shut-off valve 90 
is placed in the closed state, so that the pressurized fluid 
in the rear pressure chamber 30 is prevented from being 
discharged from that chamber 30, to inhibit the retract- 
ing movement of the pressurizing piston 1 8. According- 
ly, an Increase of the fluid pressure In the pressurizing 
chamber 26 will not cause the pressurizing piston 1 8 to 
be retracted. Therefore, the fluid pressure In the pres- 
surizing chamber 26 can be rapidly raised. If the retract- 
ing movement of the pressurizing piston 18 were al- 
lowed, the flow of the pressurized fluid from the pump 
device 12 into the pressurizing chamber 26 would not 
cause the pressurized fluid to be delivered from the 
pressurizing chamber 26 into the wheel brake cylinders 
44, 48, or would reduce the rate of flow of the pressu- 
rized fluid from the pressurizing chamber 26 into the 
wheel brake cylinders 44, 48, until the pressurizing pis- 
ton 18 has been moved to its fully retracted position. In 
the present embodiment wherein the retracting move- 
ment of the pressurizing piston 18 is inhibited by the 
closed shut-off valve 90, the pressurized fluid can be 
delivered from the pressurizing chamber 26 into the 
wheel brake cylinders 44. 48 at a comparatively high 
rate. 

[0034] When the fluid pressure in the pressurizing 
chamber 26 has been raised to the maximum delivery 
pressure P^ax' the fluid pressure in the rear pressure 
chamber 30 has been increased to a level higher than 
the maximum delivery pressure Pmax* ^^^^ is> ^ '^vel 
{^max*(Ami^A„3)}t and the fluid is supplied from the 
pump device 12 into the rear pressure chamber 30 
through the check valve 132 as the operating stroke of 
the brake pedal 24 is increased. 
[0035] In the second state of the hydraulic pressure 
control device 14, the fluid pressure in the pressurizing 
chamber 26 can be Increased to the maximum delivery 
pressure P^^x pump device 12, so that the fluid 
pressure in the wheel brake cylinders 44, 48 can be in- 
creased to the maximum delivery pressure Pn,ax' Where 
the pressurized fluid is delivered from the pump device 
12 into the pressurizing chamber 26 at the flow rate q, 
the rate of flow of the pressurizing fluid from the pres- 
surizing chamber 26 into the wheel brake cylinders 44, 
48 is equal to q. According the wheel braking pressure 
Pwc is raised at a gradient corresponding to the flow 
rate q. 

[0036] As described above, the rate of flow of the 
pressurized fluid from the master cylinder 10 into the 
wheel brake cylinders 44, 48 Is higher when the pump 



device 12 is communicated with the rear pressure 
chamber 30, than when the pump device 12 is commu- 
nicated with the pressurizing chamber 26. However the 
braking pressure P^c in the wheel brake cylinders 44, 

5 48 is higher when the pump device 1 2 is communicated 
with the pressurizing chamber 26, than when the pump 
device 12 is communicated with the rear pressure 
chamber 30. The present braking system is designed 
such that the braking pressure P^^q is made higher 

10 when the fluid pressurized by the pump device 1 2 is sup- 
plied to the pressurizing chamber 26 than when it is sup- 
plied to the rear pressure chamber 30 after the delivery 
pressure of the pump device 12 has reached its maxi- 
mum value Pn,ax. For instance, the braking system is 

IS desired so as to satisfy an inequality {Fp/P^^ax < (Ami ■ 

[0037] In the present embodiment, the braking pres- 
sure PyvQ In the wheel brake cylinders 44, 48 can be 
made higher in the first state of the hydraulto pressure 

20 control device 14 than in the second state, even while 
the brake pedal 24 is in operation with a given value of 
the operating force Fp. However, the values of the brak- 
ing pressure Py^ in the first and second states which 
will be described are those while the operating force Fp 

25 of the brake pedal 24 is zero (Fp = 0), as indicated in 
Fig. 10 byway of example. 

[0038] In the braking system adapted to hold the hy- 
draulic pressure control device 14 in the first state while 
the fluid pressure P., detected by the pressure sensor 

30 162 is lowerthan the switching pressure P^s. and switch 
the hydraulic pressure control device 14 to the second 
state when the detected fluid pressure has been in- 
creased to the switching pressure P^s. the fast filling of 
the wheel brake cylinders 44, 48 can be completed in a 

35 relatively short time, and the braking pressure P^c c^an 
be controlled with a relatively high control response, in 
an initial period of a braking operation. Further, the brak- 
ing pressure P^q can be increased at a relatively high 
rate, and the delay In the activation of the wheel brake 

40 cylinders 44, 48 to provide a braking effect can be re- 
duced. In addition, the braking pressure P^c the sub- 
sequent period of the braking operation can be made 
relatively high. 

[0039] Referring to the flow chart of Fig. 9, there will 
45 be described a pressure control routine executed by the 
brake control ECU 150 according to a pressure control 
program stored in the ROM 156. The table of Fig. 10 
indicates the operating states of the electromagnetic 
shut-off valves 80, 90, 92, the rate of flow qwc of the 
50 pressurized fluid into the wheel brake cylinders 44, 48, 
and the braking pressure Pwc the wheel brake cylin- 
ders 44, 48 (when the operating force FP of the brake 
pedal 24 is zero). 

[0040] The pressure control routine of Fig. 9 is initiat- 
55 ed with step SI to determine whether the fluid pressure 
P^ detected by the pressure sensor 162 is equal to or 
higher than the switching pressure P.13. If the detected 
fluid pressure P., is lower than the switching pressure 
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P^s> control flow goes to step S2 to place the hy- 
draulic pressure control device 14 in the first state in 
which the shut-off vah^e 92 is placed in the closed state 
while the shut-off valves 88, 90 are placed in the open 
state. Step S2 Is followed by step S3 to detect the op- s 
erating force FP of the brake pedal 24, and step S4 to 
detemiine the amount of electric current I to be applied 
to the linear valve 86. As described above, the linear 
valve 86 is controlled to control the fluid pressure in the 
rear pressure chamber 30 such that the servo ratio Rg 
(the ratio of the input force of the pressurizing piston 1 8 
to its output force) is held constant. 
[0041] When the pressurized fluid is delivered from 
the pump device 1 2 to the rear pressure chamber 30 at 
the flow rate q, the pressurized fluid is delivered from 
the pressurizing chambers 26, 28 to the wheel brake cyl- 
inders 44, 48 at a flow rate qy^Q = (An,i/A^3)-q. When 
the fluid pressure in the rear pressure chamber 30 Is 
equal to P, the braking pressure Py^Q is equal to P-[Afj^^ 

Ami)- 2^ 
[0042] When the fluid pressure detected by the 

pressure sensor 162 has reached the switching pres- 
sure control device 14 in the second state in which the 
shut-off valves 88, 92 are placed in the open state while 
the shut-off v pressure P^s: the control flow goes to step ^5 
S5 to place the hydraulic valve 90 is placed in the closed 
state. Step S5 is followed by step S6 to detect the op- 
erating force Fp, and step S7 to determine the amount 
of electric current I to be applied to the linear valve 86. 
When the pressurized fluid is delivered from the pump 30 
device 1 2 to the pressurizing chamber 26 at the flow rate 
q, the pressurized fluid is delivered from the pressurizing 
chambers 26, 28 to the wheel brake cylinders 44, 48 at 
the flow rate q^^c = the braking pressure P^c 's 

equal to the fluid pressure P in the pressurizing chamber 35 
26. 

[0043] In the first state of the hydraulic pressure 
control devbe 1 4, the braking pressure P^q and the rate 

of increase diPy^Q/dt of the braking pressure Py^Q are 
controlled as indicated by solid lines in Figs. 6 and 8. In 40 
the second state, on the other hand, the braking 
pressure Py^Q and the rate of increase of the braking 
pressure Py^Q are controlled as indicated by two-dot 
chain lines in Figs. 6 and 8. While the pump device 12 
is communicated with the rearpressure chamber 30, the 
braking pressure Py^Q and its Increase rate dPyy^/dt are 
controlled as indicated by one-dot chain line in Fig. 8. 
While the pump device 12 is communicated with the 
pressurizing chamber 26, the pressure Py^Q and rate 
dPyyc^cIt are controlled as indicated by broken line in Fig. so 
8. In the present embodiment, the pressure Py^jc ^nd 
rate dPy^Q/dt are initially controlled as indicated by the 
one-dot chain line (while the pump device 12 is In 
communication with the rear pressure chamber 30), and 
are then controlled as indicated by the broken line (after 55 
the pump device 1 2 has been communicated with the 
pressurizing chamber 26). According to this 
arrangement, the braking pressure Pyy^ can be 
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increased at a higher rate in the initial period of a braking 
operation, and to a higher level in the subsequent period 
of the braking operation, than in the conventional 
braking system. Thus, the present braking system is 
capable of meeting both of a vehicle driver's 
requirement for a rapid Increase of the braking pressure 
Pyyc and a vehicle operator's requirement for a large 
vehicle braking force. 

[0044] It will be understood from the foregoing de- 
scription of the present braking system that the pump 
device 1 2 constitutes a major portion of a power-oper- 
ated hydraulic pressure source, and the electromagnet- 
ic shut-off valves 88. 90, 92 cooperate with a portion of 
the brake control ECU 1 50 assigned to Implement steps 
S2 and S5 of the pressure control routine of Fig. 9, to 
constitute a flow-rate control device operable to change 
the rate of flow of the pressurized fluid from the power- 
operated hydraulic pressure source to the wheel brake 
cylinders 44, 48. It will also be understood that the flow- 
rate control device includes a switching device operable 
to place the hydraulic pressure control device 14 selec- 
tively in one of the first and second states, that is, to 
deliver the pressurized fluid from the power-operated 
hydraulic pressure source selectively to one of the pres- 
surizing chamber 26 having the pressure-receiving sur- 
face area Aj^^ and the rear pressure chamber 30 having 
the pressure-receiving surface area Af„^ smaller than 
the surface area A^j^ . The linear valve 86 may be con- 
sidered to be a part of the power-operated hydraulic 
pressure source. In this case, the rate of increase of the 
braking pressure P^c can be considered to be changed 
between two values corresponding to the first and sec- 
ond states of the hydraulic pressure control device 14, 
when the amount of electric current I applied to the linear 
valve 86 (power-operated hydraulic pressure source) is 
held constant. 

[0045] When the brake pedal 24 is released, the so- 
lenoid coils of the shut-off valves 88, 90, 92 and the lin- 
ear valve 86 are de-energized, so that the shut-off 
valves 88, 90, 92 are returned to their original positions 
of Fig. 1 , and the linear valve 86 is placed in the open 
state. The pressurized fluid in the wheel brake cylinders 
44, 48 Is returned to the reservoir 80 through the pres- 
surizing chambers 26, 28, while the pressurized fluid in 
the rear pressure chamber 30 is returned to the reservoir 
80 through the shut-off valves 90, 92 in the open state, 
the check valve 1 04 and the pressurizing chamber 26. 
[0046] When the electric system becomes defective, 
too, the shut-off valevs88, 90, 92 are returned to their 
original position. For instance, the electric system is de- 
fective in its control function, if Fp/P^ is larger than A^i^/ 
(Rp-Rg), while the fluid pressure in the rear pressure 
chamber 30 is controlled so as to maintain the prede- 
termined servo ratio Rg. When the electric system is de- 
fective, the linear valve 86 is placed in the open state. 
If the brake pedal 24 is operated in this state, the fluid 
is supplied from the reservoir 80 to the rear pressure 
chamber 30 through the check valve 132, so that the 
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fluid pressure in the rear pressure chamber 30 is pre- 
vented from being lowered below the atmospheric level. 
Further, the shut-off valve 88 placed in the closed state 
88 prevents the pressurized fluid from being discharged 
from the pressurizing chamber 26 and rear pressure 
chamber 30 to the reservoir 80. 
[0047] Further, the shut-off valve 92 placed In the 
open state permits the pressurizing chamber26 and the 
rear pressure chamber 30 to be held in communication 
with each other, while preventing the discharge flow of 
the fluid from the rear pressure chamber 30 to the res- 
ervoir 80. The fluid pressure in the pressurizing chamber 
26 is increased as the pressurizing piston 18 is ad- 
vanced. While the fluid pressure in the pressurizing 
chamber 26 is not higher than the fluid pressure in the 
rear pressure chamber 30, by more than the predeter- 
mined opening pressure of the pressure relief valve 1 01 , 
the fluid pressurized in the pressurizing chamber 26 Is 
delivered to only the wheel brake cylinders 44. When 
the difference between the fluid pressures in the cham- 
bers 26, 30 becomes large than the predetermined 
opening pressure of the pressure relief valve 101 , the 
pressurized fluid is delivered from the pressurizing 
chamber 26 to not only the wheel brake cylinders 44 but 
also the rear pressure chamber 30k. Accordingly, the 
rate of flow of the fluid from the pressurizing chamber 
26 to the wheel brake cylinders 44 can be made higher 
while the fluid pressure in the pressurizing chamber 26 
is not higher than that in the rear pressure chamber 30 
by more than the opening pressure of the pressure relief 
valve 101 , than while the fluid pressure in the chamber 
26 is higher than that in the chamber 30 by more than 
the opening pressure of the pressure relief valve 101 . 
[0048] As indicated above, the fluid pressurized in the 
pressurizing chamber 26 is delivered to the rear pres- 
sure chamber 30 after the fluid pressure in the chamber 
26 becomes higherthan that in the chamber 30 by more 
than the opening pressure of the pressure relief valve 
1 01 , so that the fluid pressure in the chamber 30 is made 
almost equal to that in the chamber 26. Thus, the supply 
of the pressurized fluid from the chamber 26 to the 
chamber 30 has an effect as if the effective diameter of 
the pressurizing piston 1 B partially defining the pressu- 
rizing chamber 26 were increased. Namely, the fluid 
pressure in the chamber 26 corresponding to a given 
amount of the operating force of the brake pedal 24 is 
higher when the fluid pressure in the chamber 30 is high- 
erthan the atmospheric level, than when the fluid pres- 
sure In the chamber 30 is at the atmospheric level. As 
described above, a sufficiently large amount of fluid can 
be supplied to the wheel brake cylinders 44, 48 in an 
initial period of operation of the brake pedal 24, and the 
braking pressure Pyy^Q can subsequently be raised to a 
sufficiently high level at a high boosting ratio, even while 
the pump device 12 is defective. The relief pressure or 
opening pressure at which the pressure relief valve 1 01 
is opened Is desirably set to be equal to or higher than 
the braking pressure Py^Q at which the fast filling of the 
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wheel brake cylinders 44, 48 is expected to be complet- 
ed or terminated, so that the fast filling is completed in 
a relatively short time. 

[0049] Although the present embodiment is arranged 
5 to switch the hydraulic pressure control device 14 from 
the first state to the second state when the fluid pressure 
p., detected by the pressure sensor 162 has been in- 
creased to the switching pressure P^s. this switching of 
the hydraulic pressure control device 14 may be effect- 
10 ed on the basis of the detected operating force Fp of the 
brake pedal 24, Alternatively, this switching may be ef- 
fected on the basis of a ratio AP.|/AFp of the rate of in- 
crease AP-i of the detected fluid pressure P^ (braking 
pressure Pwc) to the rate of Increase /AFp of the oper- 
as ating force Fp, that Is, on the basis of the gradient or 
servo ratio Rg indicated In the graph of Fig. 4. After the 
fluid pressure In the rear pressure chamber 30 has 
reached the maximum delivery pressure Pmax> tl^® servo 
ratio Rg is reduced, as indicated in Fig. 4. Further alter- 
20 natively, the hydraulic pressure control device 1 4 may 
be switched to the second state, on the basis of the rate 
of increase of the detected pressure P^ with the time, 
that is, on the basis of the rate of Increase dP.|/dt. In this 
respect, it is noted that the fluid pressure In the pressu- 
25 rizing chamber 26 Is controlled irrespective of a change 
in the operating force of the brake pedal 24, when the 
detected fluid P^ is considerably lower than the desired 
value, that is, when the pressure difference between the 
detected and actual values of the fluid pressure P^ is 
30 relatively large. In view of this, the hydraulic pressure 
control valve 1 4 may be switched to the second state 
on the basis of the rate of Increase dP^/dt of the detected 
fluid pressure Pi. 

[0050] The switching pressure PIS and the corre- 
35 spending switching ratio AP.|/AFp of the rate of increase 
of the detected fluid pressure P^ to the rate of increase 
of the operating force Fp, at which the hydraulic pres- 
sure control device 14 is switched to the second state, 
need not be constant, but may be changed depending 
40 upon the operating state of the pump device 12 or the 
temperature of the working fluid, for example. In this re- 
spect. It is noted that the maximum flow rate and delivery 
pressure of the pump device 12 may be reduced due to 
a drop of the voltage applied to the pump motor 84. In 
45 view of this fact, the switching pressure P^s the 
switching ratio AP.,/AFp are reduced with a decrease of 
the voltage applied to the pump motor 84, as indicated 
in the graph of Fig. 11 . According to this second embod- 
iment of the invention , the hydraulic pressure control de- 
50 vice 14 is switched to the second state when the fluid 
pressure P^ is relatively low, where the voltage applied 
to the pump motor 84 is relatively low, so that the drop 
of the braking pressure Py^^Q due to the voltage drop can 
be advantageously reduced. 
55 [0051] It isfurthernotedthatthe viscosity of the work- 
ing fluid increases with a decrease of the temperature 
of the fluid so that the flow rate of the fluid decreases 
with the decrease of the fluid temperature. In view of this 
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fact, the switching pressure P-,s is increased with the 
decrease of the temperature of the working fluid, as in- 
dicated in the graph of Fig. 12. According to this third 
embodiment of the Invention, the hydraulic pressure 
control device 14 Is switched to the second state when 
the fluid pressure is relatively high, where the fluid 
temperature Is relatively low, so that the braking pres- 
sure PyvQ can be Increased at a high rate even at the 
relatively low temperature of the fluid. According to a 
fourth embodiment of the Invention, the switching ratio 
AP^/AFp is reduced with the decrease of the fluid tem- 
perature, as indicated in the graph of Fig. 13, so that the 
hydraulic pressure control valve 14 is switched to the 
second state when the switching ratio AP^/AFp is rela- 
tively low. where the fluid temperature is relatively low, 
so that the delayed switching to the second state can 
be prevented even when the fluid temperature Is rela- 
tively low. 

[0052] The switching pressure P-^q need not be the 
pressure when the fluid pressure in the rear pressure 
chamber 30 has been raised to the maximum delivery 
pressure Pn,ax pump device 12. That is, the 

switching pressure P^3 may be the fluid pressure in the 
pressurizing chamber 26 when the fluid pressure in the 
chamber 30 has been raised to a predetermined value 
lower than the maximum delivery pressure P^ax- Simi- 
larly, the switching ratio AP^/AFp need not correspond 
to the maximum delivery pressure Pmax- switching 
of the hydraulic pressure control device 1 2 need not be 
based on the operating state of the pump device 12. For 
instance, the switching may be based whether an abrupt 
brake application to the vehicle is required or not. That 
is, the switching pressure P^g or the switching ratio aP^/ 
AFp is detemnined so that the hydraulic pressure control 
device 12 is switched to the second state when the 
abrupt brake application is required. Further, the princi- 
ple of the present invention Is applicable to an automatic 
brake application while the brake pedal 24 is not In op- 
eration, that is, while the operating force Fp Is zero. That 
is, the braking pressure Py^Q while the operating force 
Fp is zero can be increased at a relatively high rate while 
the pressurized fluid is delivered from the pump device 
12 to the rear pressure chamber 30, and can be In- 
creased to a relatively high level with the pressurized 
fluid being delivered from the pump device 12 to the 
pressurizing chamber 26. 

[0053] Referring to Fig. 14, a braking system con- 
structed according to a fifth embodiment of this invention 
will be described. This braking system includes a hy- 
draulic pressure source device 200, which includes the 
pump device 12, a master cylinder 202 and a hydraulic 
pressure control device 204. 

[0054] The master cylinder 202 Includes two pressu- 
rizing pistons 210, 212 and an assisting piston 214. In 
this master cylinder 202, the pressurizing piston 21 0 and 
the assisting piston 214 are not fomied Integrally with 
each other, but are formed as two separate members. 
[0055] The two pressurizing pistons 21 0, 212 partially 



define respective pressurizing chambers 220, 222 on 
their front side, while the pressurizing piston 210 dis- 
posed rearwardly of the pressurizing piston 212 coop- 
erates with the assisting piston 214 to define an inter- 
5 mediate fluid chamber 224 therebetween. Further, the 
rear surface of the assisting piston 214 partially defines 
a rear pressure chamber 226 on its rear side. The as- 
sisting piston 21 4 is operatively connected to the brake 
pedal 24, and a return spring 230 is disposed between 

10 the assisting piston 21 4 and a housing 228 of the master 
cylinder 202. In the present fifth embodiment, the assist- 
ing piston 214 serves as a first piston, while the pressu- 
rizing piston 210 serves as a second piston. 
[0056] The hydraulic pressure control device 204 in- 

15 eludes the linear valve 86 as used in the first embodi- 
ment, and two electromagnetic shut-off valves 240, 242. 
The shut-off valve 240 Is provided in a fluid passage 246 
connecting the pump device 1 2 and the rear fluid cham- 
ber226, while the shut-off valve 242 is provided in a fluid 

20 passage 248 connecting the pump device 12 and the 
intemnediate fluid chamber 224. A check valve 250 is 
disposed in parallel connection with the shut-off valve 
240 connected to the rear fluid chamber 226. This check 
valve 250 permits a flow of the fluid in a direction from 

25 the pump device 12 toward the rear fluid chamber 226, 
and inhibits a flow of the fluid in the reverse direction. A 
check valve 252 is provided in a fluid passage connect- 
ing the rear fluid chamber 226 and the reservoir 80. The 
check valve 252 pennlts a flow of the fluid in a direction 

30 from the reservoir 80 toward the rear fluid chamber 226, 
and inhibits a flow of the fluid in the reverse direction. 
[0057] A pressure sensor 254 is connected to a por- 
tion of the fluid passage 248 between the shut-off valve 
248 and the intemnediate fluid chamber 224, while a 

35 pressure sensor256 is connected to a portion of the fluid 
passage 246 between the shut-off valve 240 and the 
pump device 12. The fluid pressure In the Intemnediate 
fluid chamber 224 is detected by the pressure sensor 
254, and the fluid pressure In the rear fluid chamber 226 

40 is detected by the pressure sensor 256. 

[0058] When the brake pedal 24 is operated, the shut- 
off valve 240 is placed in the open state, and the shut- 
off valve 242 is placed in the closed state. That is, the 
hydraulic pressure control device 204 is placed in a first 

45 state as Indicated in the table of Fig. 16. In this first state, 
the fluid pressurized by the pump device 12 is delivered 
to the rear fluid chamber 226, and the fluid in the inter- 
mediate fluid chamber 224 is pressurized as the assist- 
ing piston 21 4 is advanced, so that the pressurizing pis- 

50 ton 210 is advanced. In this condition, the following 
equations (2) and (3) are satisfied: 



P3.A3 + Fp.Rp = Pg-Ag 



(2) 



55 



wherein A3 = A2 - A3 
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P2-A2' = PrAi (3) 

In the above equations, PI , P2 and P3 represent fluid 
pressures in the cliambers 220. 224 and 226, respec- ^ 
tively, as indicated in Fig. 15, while A^, A2. A3, A2' and 
A3' represent pressure-receiving surface areas of the 
pistons 210, 214, as also indicated in Fig. 15. The fluid 
pressure P2 in the intemriediate fluid chamber 224 cor- 
responds to a sum of an assisting force based on the 
fluid pressure P3 in the rear fluid chamber 226 and the 
operating force Fp. The fluid pressure P^ in the pressu- 
rizing chamber 220 is equal to the fluid pressure P2 in 
the intemnediate fluid chamber 224. The pressure-re- 
ceiving surface area Ag' of the pressurizing piston 210 
which partially defines the intermediate fluid chamber 
224 is equal to the pressure-receiving surface area A^ 
of the piston 21 0 which partlalty defines the pressurizing 
chamber 220, that is, Ag' = A^ . Therefore, the fluid pres- 
sure P2 in the intermediate fluid chamber 224 is equal 
to the fluid pressure P^ in the rear fluid chamber 220, 
that is, P2 = P^. 

[0059] Since the fluid pressure P2 in the intermediate 
fluid chamber 224 and the fluid pressure P^ in the pres- 
surizing chamber 220 are equal to each other, as de- 
scribed above, it is not required to provide a pressure 
sensor for detecting the fluid pressure P^ in the pressu- 
rizing chamber 220. The fluid pressure Pi in the pres- 
surizing chamber 220 can be obtained on the basis of 
the fluid pressure P2 in the intermediate fluid chamber 
224, which is detected by the intermediate-chamber 
pressure sensor 254. The fluid pressure P., is consid- 
ered to be the output pressure of the hydraulic pressure 
source device 200. 

[0060] When the pressurized fluid is delivered from 
the pump device 12 to the rear pressure chamber 226, 
the assisting piston 214 is advanced by a distance AL^ 
represented by the following equation (4), and the pres- 
surizing piston 21 0 is advanced by a distance represent- 
ed by the following equation (5): ^ 

ALi = q/Aa (4) 



Where the volume of the intermediate fluid chamber 224 
is constant, AL^-Ag = ALg-Ag'. It will be understood from 
the above equations (4) and (5) that the advancing dis- 
tance AL2 of the pressurizing piston 210 is larger than 
the advancing distance AL^ of the assisting piston 214 
when a ratio fK^/K2 is larger than 1 . The ratio A2/A2' is 
a ratio of the pressure-receiving area A2 of the assisting 
piston 214 which partially defines the intermediate fluid 
chamber 224. to the pressure-receiving surface area A2' 
of the pressurizing piston 21 0 which partially defines the 



chamber 224. In the present embodiment, the ratio A2/ 
A2' is larger than 1 , as is apparent from Fig. 14, so that 
the assisting piston 21 4 is not brought into abutting con- 
tact with the pressurizing piston 210 when the pressu- 
rized fluid is delivered from the pump device 12 to the 
rear fluid chamber 226. 

[0061] A rate of flow qy^Q of the pressurized fluid from 
the pressurizing chambers 220, 222 into the wheel 
brake cylinders 44, 48 when the pressurizing pistons 
21 0, 212 are advanced is equal to q' represented by the 
following equation (6): 

q' A^ .AL2 - q.(Ai .A3/A2'.A3) (6) 

When the pressurized fluid is delivered from the pump 
device 1 2 to the intermediate fluid chamber 224, the flow 
rate q' is equal to q-Ai/A2 . The braking pressure Pwc 
in the wheel brake cylinders 44, 48 when the pressuriz- 
ing pistons 210, 212 are advanced is equal to P3-(A3/ 
A2). 

[0062] When the fluid pressure Pg (= Pi) detected by 
the intermediate-chamber pressure sensor 254 has In- 
creased to the switching pressure, the shut-off valve 240 
is switched into the closed state, and the shut-off valve 
is switched into the open state. That is, the hydraulic 
pressure control device 200 is placed in the second 
state indicated in Fig. 16. In this second state, the pres- 
surized fluid is delivered from the pump device 12 to the 
intermediate fluid chamber 224, and the fluid pressure 
in this chamber 224 is increased, so that the pressuriz- 
ing piston 210 is advanced. The shut-off valve 240 
placed in the closed state prevents the pressurized fluid 
from being discharged from the rear pressure chamber, 
to thereby inhibit the retracting movement of the assist- 
ing piston 214, as in the first embodiment. 
[0063] In the second state of the hydraulic pressure 
control device 200 wherein the pressurized fluid having 
the pressure P is delivered from the pump device 1 2 to 
the intennediate fluid chamber 224 at the flow rate q, 
the pressurized fluid is delivered from the pressurizing 
chambers 220, 222 to the wheel brake cylinders 44, 48 
at a flow rate q^^Q = q (A^/A2')-q lower than the rate of 
flow in the first state, and the braking pressure Pwc •'^ 
the wheel brake cylinders 44, 48 is raised to a level of 
P-(Q2VAi)-P higher than that in the first state. 
[0064] When the brake pedal 42 is released, the shut- 
off valves 240 and 242 are both placed In the open state, 
and the linear valve 86 is returned to the open state, so 
that the pressurized fluid is returned from the rear pres- 
sure chamber 226 and the intermediate fluid chamber 
224 to the reservoir 80 through the shut-off valves 240, 
242 and linear valve 86 all of which are placed In the 
open state. Further, the pressurized fluid is returned 
from the wheel brake cylinders 44, 48 to the reservoir 
80 through the pressurizing chambers 220, 222. 
[0065] Where the electric system becomes defective, 
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the shut-off valves 240, 242 are returned to the original 
positions of Fig. 1 4, and the linear valve 86 is held in the 
open state. When the brake pedal 24 is operated in this 
condition, the assisting piston 214 and the pressurizing 
piston 21 0 are advanced as a unit, to pressurize the fluid s 
in the pressurizing chambers 220, 222 to a level corre- 
sponding to the operating force of the bral<e pedal 24, 
so that the wheel bralce cylinders 44, 48 are activated 
with the pressurized fluid delivered from the pressuriz- 
ing chambers 220, 222. During the operation of the 
brake pedal 24, the fluid is supplied from the reservoir 
90 or pump 1 2 to the rear pressure chamber 226 through 
the check valve 252 or through the linear vatve 86 and 
shut-off valve 240, so that the fluid pressure in the rear 
pressure chamber 226 is prevented from being lowered 
below the atmospheric pressure. The fluid pressure in 
the Intermediate fluid chamber 224 Is held at the atmos> 
pheric pressure, since the chamber 224 Is held in com- 
munication with the reservoir 80 through the linear valve 
86. Since the intermediate fluid chamber 226 is held at 
the atmospheric pressure, the fluid in the pressurizing 
chambers 220, 222 can be efficiently pressurized. 
[0066] Where sealing members between the assist- 
ing piston 214 and the cylinder housing 228 are defec- 
tive, the hydraulic pressure control device 200 is 
switched to the second state. Described in detail, the 
assisting piston 214 includes a small-diameter portion 
260 which fluid-tightly and slidably extends through the 
rear wall of the housing 228. Sealing members 262 are 
disposed between the rear wall of the housing 228 and 
the corresponding end section of the small-diameter 
portion 260. Where the sealing members 262 are defec- 
tive, the fluid pressure in the rear pressure chamber 226 
may possibly be lowered down to the atmospheric level. 
On the other hand, the intemnediate fluid chamber 224 
is fluid-tlghtly isolated from the rear pressure chamber 
226 by an O-ring 266 disposed between the inner cir-. 
cumferential surface of the housing 228 and the outer 
circumferential surface of a large-diameter portion 264 
of the assisting piston 21 4. In the presence of the O-ring 
266, the fluid in the intermediate fluid chamber 224 can 
be pressurized even when the sealing members 262 are 
defective. Accordingly, the wheel brake cylinders 44, 48 
can be activated by supplying the pressurized fluid from 
the pump device 12 to the intemiediate fluid chamber 
224. Thus, the braking pressure P^q can be raised to 
the maximum delivery pressure P^g^ of the pump device 
1 2, even in the event of a failure of the sealing members 
262. 

[0067] Referring next to Fig. 6, there will be described 
a braking system constructed according to^a sixth em- 
bodiment of this invention, which includes a hydraulic 
pressure source device 290, whteh in turn includes the 
pump device 12, a master cylinder 292, an assisting cyl- 
inder 294, and a hydraulic pressure control device 296. 
[0068] The master cylinder 292 includes a single 
pressurizing piston 300 which partially defines a pres- 
surizing chamber 302 and a rear pressure chamber 304 



on respective front and rear sides thereof. The master 
cylinder 292 further includes an assisting piston 306 
formed integrally with the pressurizing piston 300. A 
pressure sensor 308 is connected to the pressurizing 
chamber 302, to detect the fluid pressure in the chamber 
302. 

[0069] The assisting cylinder 294 is disposed down- 
stream of the master cylinder 292, that is, between the 
master cylinder 292 and the wheel brake cylinders 44, 
48. The assisting cylinder 294 includes two pressurizing 
pistons 310, 312 which partially define respective pres- 
surizing chambers 314, 316 on their front side, and the 
pressurizing piston 310 partially defines a pressure con- 
trol chamber 318 on its rear side. The pressure control 
chamber 318 is connected through a fluid passage 321 
to the brake cylinders 44 for the front wheels FL, FR, 
and connected through a fluid passage 322 to the pres- 
surizing chamber 302 of the master cylinder 292. Thus, 
the master cylinder 292 is connected to the wheel brake 
cylinders 44 through the pressurizing chamber 314. The 
pressurizing chamber 316 is connected through a fluid 
passage 324 to the brake cylinders 48 for the rear 
wheels RL, RR. The assisting cylinder 290 includes a 
housing 328 which has two ports corresponding to the 
respective pressurizing chambers 314, 316, These two 
ports are provided with respective cut seals and are con- 
nected to the reservoir 80 through respective fluid pas- 
sages 324, 325. A return spring 330 Is disposed be- 
tween the two pressurizing pistons 31 0, 31 2, while a re- 
turn spring 331 is disposed between the pressurizing 
piston 312 and the front end wall of the housing 328. 
[0070] The pressurizing chamber 31 4 is isolated from 
the reservoir 80 as the pressurizing piston 310 is ad- 
vanced, and the fluid in the pressurizing chamber 314 
is pressurized. As a result, the pressurizing piston 312 
is advanced to pressure the fluid in the pressurizing 
chamber 31 6. In the assisting cylinder 294 in the present 
embodiment, the pressure-receiving surfaces of the 
pressurizing piston 310 which partially define the pres- 
surizing chambers 314 and pressure control chamber 
31 8, respectively, and the pressure-receiving surface of 
the pressurizing piston 312 which partially defines the 
pressurizing chamber 316 all have the same area, so 
that the fluid masses in the pressurizing chambers 31 4, 
316 and the pressure control chamber 318 are pressu- 
rized to the same level. Accordingly, the fluid pressures 
in the front and rear wheel brake cylinders 44, 48 are 
controlled to the same level, which is equal to the fluid 
pressure in the pressure control chamber 318. 
[0071 ] In the present assisting cylinder 294, the pres- 
surizing pistons 310, 312 are fluid-tightly and slidably 
fitted in the housing 328 through sealing members 332, 
333, so that the two pressurizing chambers 31 4, 31 6 are 
isolated from each other, to provide mutually independ- 
ent two brake-application sub-systems for the front 
wheels FL, FR and the rear wheels RL, RR. 
[0072] While the sealing members 332. 333 are re- 
ceived in the housing 328 in the present embodiment. 
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these sealing members may be received in the pressu- 
rizing pistons 310, 312. 

[0073] The hydraulic pressure control device 296 in- 
cludes a linear valve 338. and a plurality of electromag- 
netic shut-off valves 340, 342, 344. The shut-off valve s 
340 is provided in a fluid passage connecting the master 
cylinder 292 and the assisting cylinder 294. and the 
shut-off valve 342 is provided In a fluid passage con- 
necting the pressure control chamber 31 8 and the pump 
passage 1 2. Two check valves 346, 348 are provided in io 
parallel connection with these shut-off valves 340, 342, 
respectively. The check valve 346 permits a flow of the 
fluid in a direction from the master cylinder 292 toward 
the assisting cylinder 294 and inhibits a flow of the fluid 
in the reverse direction. The check valve 348 permits a is 
flow of the fluid in a direction from the pressure control 
chamber 31 8 toward the linear valve 338 and inhibits a 
flow of the fluid In the reverse direction . The check valve 
346 pemiits the pressurizing fluid to be fed from the 
master cylinder 292 to the pressurizing chamber 314, so 
even with the shut-off valve 340 placed in the closed 
state, while the fluid pressure in the master cylinder292 
is higher than that in the pressurizing chamber 314. The 
check valve 348 is provided to return the pressurized 
fluid from the pressure control chamber 31 8 to the res- 25 
ervoir 80 when the shut-off valve 342 is placed in the 
closed state while the liner valve 338 is placed in the 
open state, upon releasing of the brake pedal 24, for 
example. The fluid pressure in the pressure control 
chamber 36 is detected by a pressure sensor 349. 30 
[0074] In the master cylinder 292, the pressurizing 
chamber 302 and the rear pressure chamber 304 are 
connected to each other through a fluid passage 350, 
which Is provided with the shut-off valve 344 and a flow 
restricting device 351 that are disposed in series con- 35 
nection with each other. The flow restricting device 351 
includes a pressure relief valve 352 and an orifice 354 
which are disposed in parallel connection with each oth- 
er. 

[0075] Like the linear valve 86, the linear valve 338 4o 
includes a seating valve 364 and a solenoid device 370, 
as shown In Figs. 18A and 18B. The seating valve 364 
includes a valve member 360 and a valve seat 362, and 
the solenoid device 370 includes a coil 368. Unlike the 
linear valve 86, the linear valve 338 is a nonnally closed 45 
valve which Is normally held in the closed state with the 
valve member 360 being seated on the valve seat 362 
under the biasing action of a spring 372. 
[0076] When the coil 368 is energized, an electromag- 
netic force F1 is generated and acts on the valve mem- so 
ber 360 in a direction that causes the valve member 360 
to move away from the valve seat 362. The valve mem- 
ber 360 also receives a force F2 based on a fluid pres- 
sure difference across the seating valve 364, and a bi- 
asing force F3 of the spring 372. The position of the 55 
valve member 360 relative to the valve seat 362 is de- 
tennined by a relationship among the forces F1 , F2 and 
F3. The force F2 corresponds to a difference between 
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the fluid pressure in the rear pressure chamber 304 and 
pressure control chamber 318 and the fluid pressure in 
the reservoir 80. The fluid pressure in the rear pressure 
chamber 304 and pressure control chamber 31 8 is con- 
trolled by controlling the amount of electric current to be 
applied to the coil 368. 

[0077] When the brake pedal 24 is operated, the shut- 
off valve 340 is placed in the open sate, and the shut- 
off valves 342, 344 are placed in the closed state. That 
is, the hydraulic pressure control device 296 is placed 
in a first state as indicated in the table of Fig. 1 9. In this 
first state, the fluid pressurized by the pump device 12 
is delivered to the rear pressure chamber 304 of the ma- 
ser cylinder 292, so that the pressurizing piston 300 is 
advanced by a sum of the operating force of the brake 
pedal 24 and an assisting force based on the fluid pres- 
sure In the rear pressure chamber 304. As a result, the 
fluid in the pressurizing chamber 302 is pressurized to 
a level corresponding to the above-indicated sum of the 
forces. The fluid pressurized in the pressurizing cham- 
ber 302 is delivered to the front wheel brake cylinders 
44 through the shut-off valve 340, check valve 346 and 
the pressurizing chamber 314 of the assisting cylinder 
294. In the assisting cylinder 294, the fluid in the pres- 
surizing chamber 314 is pressurized, so that the pres- 
surizing piston 31 2 is advanced, and the fluid in the pres- 
surizing chamber 316 is pressurized to the same pres- 
sure as in the pressurizing chamber 314. Accordingly, 
the fluid pressure in the rear wheel brake cylinders 48 
Is controlled to the same pressure as in the front wheel 
brake cylinders 44. 

[0078] In the first state of the hydraulic pressure con- 
trol device 296, the pressurized fluid Is delivered to the 
wheel brake cylinders 44, 48 at a flow rate q^y^c = ^'i^m-i^ 
Am3), and the fluid pressure Pyyc the wheel brake cyl- 
inders 44, 48 is raised to a level P {^m:^^rnA)* '"Pli- 
cated In the table of Fig. 19. The braking pressure P^c 
is equal to the fluid pressure in the pressurizing chamber 
302. Therefore, the braking pressure Py^fc can be de- 
tected by the pressure sensor 308. It is also noted that 
the fluid pressure detected by the pressure sensor 308 
represents the output pressure of the hydraulic pressure 
source device 290. 

[0079] When the fluid pressure detected by the 
pressure sensor 308 has increased to the switching 
pressure P^g* hydraulic pressure control device 296 
is switched to a second state in which the shut-off valve 
340 is placed in the closed state while the shut-off valve 
342 is placed in the open state. In this second state, the 
pressurized fluid is delivered from the pump device 122 
to both of the rear pressure chamber 304 and the pres- 
sure control chamber 318 of the assisting cylinder 294. 
With the pressurized fluid delivered from the pump de- 
vice 12 to the pressure control chamber 318, the pres- 
surizing pistons 310, 312 are advanced to pressurize 
the fluid masses in the pressurizing chambers 314, 31 6. 
While the fiuid pressure in the pressurizing chambers 
314, 316 is lower than the fluid pressure in the pressu- 



EP 1 180 460 A2 



.24 



BNSDOCID: <EP ^1 1 Ba460A2_L> 



47 



EP 1 180 460 A2 



48 



rizlng chamber 302 of the master cylinder 292, the pres- 
surized fluid is delivered from the master cylinder 292 
(from the chamber 302) to the assisting cylinder 294 
(chamber 31 4). When the fluid pressure in the assisting 
cylinder 294 becomes higher than that in the master cyl- 
inder 282, the assisting cylinder 294 is disconnected 
from the master cylinder 292. The check valve 346 pre- 
vents the pressurized fluid from being fed from the as- 
sisting cylinder 294 to the master cylinder 292, even 
when the fluid pressure in the assisting cylinder 294 is 
higher than that in the master cylinder. 
[0080] In the second state, the fluid pressure in the 
pressure control chamber 31 8 is controlled while the as- 
sisting cylinder 294 is isolated from the master cylinder 
292. As indicated in Fig. 1 9, the pressurized fluid is de- 
livered to the wheel brake cylinders 44, 48 at a flow rate 
ciwc = braking pressure Py^Q in the wheel 

brake cylinders 44, 46 is raised to a level P. In the second 
slate, the fluid pressure in the pressure control chamber 
318 is the pressure as detected by the pressure sensor 
349. 

[0081 ] When the brake pedal 24 is released, the shut- 
off valves 340, 342, 344 are returned to the original po- 
sitions of Fig. 17. Further, the normally closed linear 
valve 338 is held in the open state for a predetermined 
time, so that the pressurized fluid can be returned to the 
reservoir 80 with high stability, through the opened linear 
valve 338. The linear valve 338 may be a normally open 
valve. 

[0082] Referring next to Fig. 20, there will be de- 
scribed a braking system constructed according to a 
seventh embodiment of the present Invention, which in- 
cludes a hydraulic pressure source device 390, which 
in turn includes a master cylinder 392, the pump device 
12, an assisting cylinder 293 and a hydraulic pressure 
control device 396. 

[0083] The master cylinder 392 includes a cylinder 
housing 400 and a pressurizing piston 402. The pres- 
surizing piston 402 is a stepped member including a 
large-diameter portion 403a and a small-diameter por- 
tion 403b. The large-diameter portion 403a and the 
small-diameter portion 403b are fluid-tightly and slidably 
fitted in the cylindrical bore of the housing 400 and a 
sleeve 404 disposed within the housing 400, respective- 
ly. The small-diameter portion 403b of the pressurizing 
piston 402 partially defines a pressurizing chamber 41 0 
on its front side. An assisting piston 412 is formed inte- 
grally with the large-diameter portion 403a of the pres- 
surizing piston 402. The large-diameter portion 403a 
and the assisting piston 41 2 partially define a rear pres- 
sure chamber 41 4 on the rear side of the large-diameter 
portion 403a. Further, the housing 400, the sleeve 404, 
the large-diameter portion 403a and the outer circum- 
ferential surface of the small-diameter portion 403b of 
the pressurizing piston 402 cooperate to define an an- 
nular fluid chamber 41 6. In the present embodiment, a 
single member functions as the pressurizing piston 402 
and the assisting piston 412. 



[0084] Two separate flu Id passages 430, 432 are con- 
nected to the pressurizing chamber 41 0 and annular flu- 
id chamber 416, respectively. The two fluid passages 
430, 432 merge into a common passage 434. which is 

5 connected to the pressurizing chamber 314 of the as- 
sisting cylinder 294. Thus, the pressurizing chamber 
314 can receive the pressurized fluid from both of the 
pressurizing chamber 410 and the annular fluid cham- 
ber 41 6 of the master cylinder 392. 

10 [0085] The hydraulic pressure control device 396 in- 
cludes the linear valve 86, electromagnetic shut-off 
valves 436, 438, 440, 342. The shut-off valve 436 is pro- 
vided in the fluid passage 430 connected to the pressu- 
rizing chamber 410, and the shut-off valve 438 is pro- 
. 15 vided in the fluid passage 432 connected to the annular 
fluid chamber 416. Two check valves 446, 448 are pro- 
vided In parallel connection with the respective shut-off 
valves 436,438. The check valves 446, 448 permit flows 
of the fluid in a direction from the master cylinder 392 

20 toward the assisting cylinder 294, and inhibits flows of 
the fluid in the reverse direction. The shut-off valve 440 
is provided in a fluid passage 452 connecting the annu- 
lar fluid chamber41 6 and the reservoir 80. The fluid pas- 
sage 452 is provided with a flow restricting device 453 

25 connected in series with the shut-off valve 440. The flow- 
restricting device 453 includes a pressure relief valve 
454 and an orifice which are disposed in parallel con- 
nection with each other. The pressure relief valve 454 
permits a flow of thefluid from the annular fluid chamber 

30 416 to the resen/oir 80 when the fluid pressure in the 
annular fluid chamber 416 is higher than a predeter- 
mined value. The annular fluid chamber 41 6 is also con- 
nected to the reservoir 80 through a check valve 460, 
which permits a flow of the fluid in a direction from the 

35 reservoir 80 toward the annular fluid chamber 41 6vand 
inhibits a flow of the fluid in the reverse direction. 
[0086] When the brake pedal 24 is operated, the hy- 
draulic pressure control device 396 is placed in a first 
state in which the shut-off valves 440, 342 are placed in 

40 the closed state, while the shut-off valves 436, 438 are 
placed in the open state, as indicated In the table of Fig. 
22. in this first state, the fluid pressurized by the pump 
device 12 is deliveredto the rear pressure chamber 41 4, 
so that the pressu rizing piston 402 is advanced by a sum 

45 of the operating force of the brake pedal 24 and an as- 
sisting force based on the fluid pressure in the rear pres- 
sure chamber 414, and the fluid masses in the annular 
fluid chamber 416 and pressurizing chamber 410 are 
pressurized. The pressurized fluid masses are delivered 

50 from the annular and pressurizing chambers 416, 410 
to the assisting cylinder 294 through the respective shut- 
off valves 438, 436 placed in the open state. In this first 
state, the assisting cylinder 292 is supplied with the 
pressurized fluid from both of the annular and pressu- 

55 rizing chambers 41 6, 41 0, so that the pressurized fluid 
is delivered from the assisting cylinder 294 to the wheel 
brake cylinders 44, 48 at a relatively high flow rate. Thus, 
the fast filling of the wheel brake cylinders 44, 48 can 
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be completed In a relatively short time, and a delay in 
the activation of the wheel brake cylinders to provide a 
braking effect can be reduced. 

[0087] The fluid pressures in the pressurizing cham- 
ber 410, rear pressure chamber 414 and annular fluid 
chamber416 have a relationship represented by the fol- 
lowing equation (7): 

Fp X Rp + A^3 X P3 = X P2 + A„1 ^ Pi (7) 

"Ami". "Ani2"» "Ams" above equation (7) represent 
the pressure-receiving surface areas indicated in Fig. 
21, and "P^*\ P2 and "P3" represent the fluid pressure 
values also indicated In Fig. 21 . The fluid pressure P2 
In the annular fluid chamber 416 is equal to the fluid 
pressure in the pressurizing chamber 410. By sub- 
stituting the fluid pressure P^ for the fluid pressure P2 rn 
the above equation (7), the fluid pressure P^ in the pres- 
surizing chamber 410 is represented by the following 
equation: 

Pi =(Fp.Rp +A„3.P3)/(A^i 4- A^2) 

The fluid pressure P^ corresponds to the pressure of the 
fluid pressurized by the large-diameter portion 403a of 
the pressurizing piston 402. Since the pressurizing 
chamber 314 of the assisting cylinder 294 is supplied 
with the pressurized fluid masses delivered from both of 
the annular fluid chamber 416 and the pressurizing 
chamber 410^ the pressurized fluid is delivered to the 
wheel brake cylinders 44, 48 at a flow rate q^c - ci*(Ami 
+ Aj^gVAms. and the braking pressure P^^q In the wheel 
brake cylinders 44, 48 is raised to a level {P-An,3/(A^«i 
+ Am2)}, as Indicated in the table of Fig. 22. The pres- 
surizing piston 402 has the pressure-receiving surface 
areas A^^ , ^"^1 A^s which partially define the pres- 
surizing chamber 410, annular fluid chamber 416 and 
rear pressure chamber 414, respectively, as indicated 
In Fig. 21. 

[0088] When the fluid pressure (fluid pressure In the 
pressurizing chamber 410) detected by the pressure 
sensor 308 has increased to a first switching pressure, 
the hydraulic pressure control device 396 is switched to 
a second state In which the shut-off valves 436, 438 are 
placed In the closed state and the shut-off valve 342 Is 
laced in the open state, while the shut-off valve 440 re- 
mains in the closed state, as indicated In Fig. 22. In this 
second state, the fluid pressurized by the pump device 
12 is delivered to the pressure control chamber 318 of 
the assisting cylinder 294. As In the braking system of 
Fig. 1 7, the pressurized fluid Is delivered through the 
check valves 446, 448 from the pressurizing chamber 
41 0 of the master cylinder 392 to the pressurizing cylin- 
der 31 4 of the assisting cylinder 294 while the fluid pres- 
sure In the pressurizing cylinder 410 is higher than that 



In the pressurizing chamber 31 4. After the fluid pressure 
In the assisting cylinder 294 becomes higher than that 
in the master cylinder 392. the fluid flow from the master 
cylinder 392 to the assisting cylinder 294 Is inhibited by 
5 the check valves 446, 448. In this state, the fluid pres- 
sure in the pressure control chamber 31 8 Is controlled 
while the assisting cylinder 294 is isolated from the mas- 
ter cylinder 392. 

[0089] In the second state of the hydraulic pressure 

10 control device 396, the rate of flow q^^ the fluid into 
the wheel brake cylinders 44, 48 Is equal to the rate of 
flow q of the pressurized fluid into the rear pressure 
chamber 414, and the braking pressure P^q is equal to 
the pressure of the pressurized fluid delivered to the rear 

15 pressure chamber 41 4. 

[0090] When the fluid pressure detected by the pres- 
sure sensor 349 has increased to a second switching 
pressure, the hydraulic pressure control device 392 is 
switched from the second stale to a third stale in which 

20 the shut-off valves 436, 440 are placed in the open state 
while the shut-off valves 438, 342 are placed In the 
closed state, as indicated in Fig. 22. In this third state 
wherein the shut-off valve 440 is placed in the open 
state, the fluid in the annular fluid chamber 416 Is not 

25 pressurized. Since the fluid pressure in the annularftuid 
chamber 41 6 upon switching to the second state Is high- 
er than the fluid pressure in the reservoir 80 by more 
than the preset relief pressure of the pressure relief 
valve 454, the pressurized fluid is returned from the an- 

30 nular fluid chamber 41 6 to the reservoir 80 through the 
pressure relief valve 454. While the pressurizing piston 
402 is held at the same position, the annular fluid cham- 
ber 41 6 is substantially communicated with the reservoir 
80 through the orifice so that the fluid pressure In the 

35 annular fluid chamber 416 is held at the atmospheric 
pressure. 

[0091] In the third state of the hydraulic pressure con- 
trol device 392, the fluid pressure P3 in the rear pressure 
chamber 41 4 and the fluid pressure P^ in the pressuriz- 
40 ing chamber 41 0 have a relationship represented by the 
following equation (8): 

Fp X Rp + A^3 X P3 = A^i X P^ (8) 

45 

In this third state, the rate of flow qy^Q of the fluid into 
the wheel brake cylinders 44, 48 is equal to {q-CA^^^/ 
Am3)}, and the braking pressure P^c Is equal to {P-(A^3/ 
Ami)), ^'so Indicated In Fig. 22. Since the pressure- 
50 receiving surface area A„.| of the smali-diameter portion 
403b of the pressurizing piston 402 partially defining the 
pressure chamber 410 is smaller than the pressure-re- 
ceiving surface area An,3 partially defining the rear pres- 
sure chamber 414, the braking pressure P^^q can be 
made higher than the maximum delivery pressure P^ax 
of the pump device 1 2. 

[0092] The first switching pressure in the present sev- 
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enth embodiment may be set to be equal to the switch- 
ing pressure P^s preceding embodiments. In this 
case, the second switching pressure is set to be higher 
than the switching pressure P^g. IHowever, the first and 
second switching pressures may be set to be lower and 
higher by suitable amounts than the switching pressure 
P^s, respectively. The first and second switching pres- 
sures are desirably determined so that the hydraulic 
pressure control device 392 is switched to the second 
or third state when the brake pedal 24 is operated with 
an operating force or stroke larger than a value which is 
normally taken when the brake pedal 24 is operated in 
a nomrial manner. 

[0093] When the brake pedal 24 is released, the shut- 
off valves 436, 438, 440, 342 are returned to their orig- 
inal positions of Fig. 20. The pressurized fluid is returned 
from the pressure control chamber 318 to the reservoir 
80 through the check valve 348 and the linear valve 86. 
The pressurized fluid in the front wheel brake cylinders 
44 is returned to the reservoir 80 through the assisting 
cylinder294 and the mastercylinder392, while the pres- 
surized fluid in the rear wheel brake cylinders 48 is re- 
turned to the reservoir 80 through the assisting cylinder 
294. The fluid is supplied to the annular fluid chamber 
41 6 through the check valve 460 as the pressurizing pis- 
ton 402 is retracted. 

[0094] Where the electric system Is defective, the 
shut-off valves 436 438, 440, 342 are retumed to their 
original positions, as in the preceding embodiments. In 
this condition, the fluid in the pressurizing chamber 410 
is pressurized by an advancing movement of the pres- 
surizing piston 403 as the brake pedal 24 is operated. 
The pressurized fluid is delivered from the pressurizing 
chamber 41 0 to the pressurizing chamber 314 of the as- 
sisting cylinder 294. As a result, the fluid pressures in 
the front and rear wheel brake cylinders 44, 48 are 
raised to the same level. 

[0095] While the fluid pressure in the annular fluid 
chamber 416 is lower than the opening pressure of the 
pressure relief valve 454, the pressurized fluid is deliv- 
ered from both of the annular fluid chamber 41 6 and the 
pressurizing chamber 41 0 to the pressurizing chamber 
314. When the fluid pressure in the annular fluid cham- 
ber 416 exceeds the opening pressure of the pressure 
relief valve 454, the annular fluid chamber 41 6 is com- 
municated with the reservoir 80 through the open pres- 
sure relief valve 454, so that the pressurized fluid is not 
delivered from the annular fluid chamber 416 to the 
wheel brake cylinders 44, 48, whereby the wheel brake 
cylinders are supplied with the pressurized fluid re- 
ceived from only the pressurizing chamber 410. While 
the pressure relief valve 454 is held in the closed state, 
the pressurized fluid supplied to the wheel brake cylin- 
ders 44, 46 at a higher rate than while the pressure relief 
valve 454 is in the closed state. Accordingly, the wheel 
brake cylinders 44, 48 can be filled with the pressurized 
fluid at a relatively high speed during an initial period of 
a braking operation. Namely, the fast filling of the wheel 



brake cylinders 44, 48 can be completed in a relatively 
short time. After the annular fluid chamber 416 is com- 
municated with the reservoir 80, the fluid in the pressu- 
rizing chamber 41 0 is pressurized by the small-diameter 

5 portion 403b of the pressurizing piston 402, so that the 
fluid pressure in the pressurizing chamber 410, which 
corresponds to a given value of the operating force of 
the brake pedal 24, is made higher than when the fluid 
is pressurized by the large-diameter portion 403a. This 

10 phenomenon may be called "fill-up" function, which is 
achieved while the shut-off valve 440 is in the open state 
(in the third state of Fig. 22) and is not achieved while 
the shut-off valve 440 is in the closed state (in the first 
and second states of Fig. 22). By selectively opening 

15 and closing the shut-off valve 440, the flow restricting 
device 453 can be enabled or disabled to operate. In 
this sense, the shut-off valve 440 may be considered to 
serve as a device operable to inhibit the fill-up function. 
It will be understood that the shut-off valve 440 and the 

20 flow restricting device 453 may be considered to consti- 
tute a communicating valve device which is operable 
while the pressurized fluid is delivered from the pump 
device 12 to the rear pressure chamber 414 and which 
has a supplying state for permitting the supply flow of 

25 the pressurized fluid from the annular fluid chamber to 
the brake cylinders 44. 48, and a discharging state for 
permitting the discharge from of the pressurized fluid 
from the annular fluid chamber 414 to the reservoir 80. 
The communicating valve device is switched from the 

30 supplying state to the discharging state during an ad- 
vancing movement of the pressurizing piston 402. 
[0096] Refemng next to Fig. 23, there will be de- 
scribed a braking system constructed according to an 
eighth embodiment of this invention, which includes a 

35 hydraulic pressure source device 490, which in turn in- 
cludes the pump device 1 2, the master cylinder 392, the 
assisting cylinder 294, and a hydraulic pressure control 
device 496. The master cylinder 392 Is Identical with that 
in the seventh embodiment of Fig. 20, except that the 

^0 pressurizing chamber41 Disconnected through an elec- 
tromagnetic shut-off valve 500 to a stroke si mutator 502. 
The hydraulic pressure control device 496 includes two 
linear valve devices510, 512aswell as the electromag- 
netic shut-off valves 436, 438, 440. The linear valve de- 

^5 vice 510 is provided to control the fluid pressure in the 
rear pressure chamber 414, and the linear valve device 
51 2 is provided to control the fluid pressure of the pres- 
sure control chamber 318 of the assisting cylinder 294. 
[0097] The linear valve device 51 0 includes two nor- 

50 mally open linear valves 516,518, while the linear valve 
device 512 includes a normally open linear valve 520 
and a normally closed linear valve 522. 
[0098] In the linear valve device 510, the linear valve 
516 Is disposed between the pump device 12 and the 

55 rear pressure chamber 414, and the linear valve 51 8 is 
disposed between the rear pressure chamber 414 and 
the reservoir 80. In the linear valve device 512, the linear 
valve 520 is disposed between the pump device 12 and 



27 



BNSDOCID: <EP 1 ie0460A2_L> 



o 



63 

the pressure control chamber 318, and the linear valve 
522 Is disposed between the pressure control chamber 
318 and the reservoir 80. 

[0099] The shut-off valves 436, 438, 440 are control- 
led In the same manner as In the braking system of Fig. s 
20. The shut-off valve 500 for the stroke simulator 502 
is switched from the closed state to the open state when 
the shut-off valve 436 is switched from the open state 
to the closed state. According to this arrangement, the 
pressurized fluid is prevented from being fed from the io 
pressurizing chamber 41 0 to the stroke stimulator 502 
when the shut-off valve 436 is in the open state, and is 
permitted to be fed from the pressurizing chamber 510 
to the stroke simulator 502 when the shut-off valve 336 
is In the closed state, so that the operating stroke of the 
brake pedal 24 can be increased even when the shut- 
off valve 336 is In the closed state. In the present braking 
system of Fig. 23 wherein the shut-off valve 342 provid- 
ed in the braking system of Fig. 20 is not provided, the 
function of the shut-off valve 342 is performed by the 20 
linear valve device 51 2. That is, the linear valve device 
512 is capable of functioning as both the linear valve 86 
and the shut- off valve 342. 

[0100] In the present eighth embodiment wherein the 
linear valve devices 51 0, 51 2 are provided for the rear 25 
pressure chamber 41 4 and the pressure control cham- 
ber 316, respectively, the rear pressure chamber 414 
and the pressure control chamber 31 6 can be selective- 
ly communicated with the pump device 12 and the res- 
ervoir 80, Independently of each other, so that the fluid 30 
pressures in these chambers 41 4, 31 6 can be controlled 
independently of each other. In the present embodi- 
ment, it is possible to control not only the relationship 
between the operating force of the brake pedal 24 and 
the braking pressure Py^c* ^'^^ relationship be- 35 
tween the operating stroke of the brake pedal 24 and 
the braking pressure Pyvc- operating stroke is de- 
tected by a stroke sensor 526. 

[0101] Since the linear valve 522 of the linear valve 
device 51 2 is a normally closed valve, the fluid pressure 40 
in the pressure control chamber 31 6 can be rapidly in- 
creased when the hydraulic pressure control device 496 
is switched to the second state. When the brake pedal 
24 is released, the solenoid coils of the linear valves 
516,518, 520, 522 are de-energlzed to place the linear 
valves 516, 518, 520 in the open state and to place the 
linear valve 522 in the closed state, so that the pressu- 
rized fluid In the rear pressure chamber 414 is returned 
to the reservoir 80 through the linear valve 518, and the 
pressurized fluid in the pressure control chamber 31 6 is so 
returned to the reservoir 80 through the linear valves 
520, 516, 518. 

[0102] Referring to Fig. 24, there will be described a 
braking system constructed according to a ninth embod- 
iment of this invention, which includes a hydraulic pres- 55 
sure source device 590, which in turn includes the mas- 
ter cylinder 392 and assisting cylinder 294 (which have 
been described), a hydraulic pressure control device 
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596 and a power-operated hydraulic pressure source 
device 598. 

[0103] The hydraulic pressure control device 596 in- 
cludes the shut-off valve 436 and check valve 446 
(which have been described), and check valves 600, 
602. The present braking system does not Include a 
pump device and a linear valve device, and Is not adapt- 
ed to control the fluid pressure in the rear pressure 
chamber 414, which is connected to the resen/oir 80. 
The check valves 600, 602 are provided in the fluid pas- 
sage 432 connected to the annular fluid chamber 416. 
The check valves 600, 602 permit a flow of the fluid in 
a direction from the annular fluid chamber 416 toward 
the master cylinder 294 and inhibits a flow of the fluid in 
the reverse direction. The annular fluid chamber 416 is 
connected to the reservoir 80 through a fluid passage 
604, which Is provided with a flow restricting device 610 
including a pressure relief valve 606 and an orifice 608 
which are disposed in parallel connection with each oth- 
er. The fluid pressure in the pressurizing chamber 410 
is detected by a pressure sensor 612. In the presence 
of this pressure sensor 612, the operating force sensor 
166 is not essential, since the operating force of the 
brake pedal 24 can be obtained on the basis of the fluid 
pressure detected by the pressure sensor 612. 
[0104] While the fluid pressure in the annular fluid 
chamber 41 6 Is lower than the opening pressure of the 
pressure relief valve 606 during an advancing move- 
ment of the pressurizing piston 402, the fluid pressu- 
rized In the annular fluid chamber 41 6 Is delivered to the 
assisting cylinder 294 through the check valves 600, 
602. When the fluid pressure in the annular fluid cham- 
ber 416 has been increased to the opening pressure of 
the pressure relief valve 606, the pressurized fluid is re- 
turned from the annular fluid chamber 41 6 to the reser- 
voir 80 through the opened pressure relief valve 606, 
While the pressurizing piston 402 is held at the same 
position, the annular fluid chamber 416 is substantially 
communicated with the reservoir 80 through the orifice 
608, so that the fluid pressure in the annular fluid cham- 
ber 41 6 is held at the atmospheric level. 
[0105] While the fluid pressure in the annular fluid 
chamber 416 is lower than the opening pressure of the 
pressure relief valve 454 during an advancing move- 
ment of the pressurizing piston 402 Immediately after 
the initiation of a braking operation, the pressurized fluid 
is delivered from not only the pressurizing chamber 410 
but also the annular fluid chamber 416 to the wheel 
brake cylinders 44, 48. Accordingly, the wheel brake cyl- 
inders 44, 48 are filled with the pressurized fluid at a 
relatively high speed. The opening pressure of the pres- 
sure relief valve 606 is determined so that the pressure 
relief valve 606 is opened when the fast-filling of the 
wheel brake cylinders 44, 48 is expected to be complet- 
ed. Accordingly, the fast filling of the wheel brake cylin- 
ders 44, 48 can be completed in a relatively short time, 
and the delay in the activation of the wheel brake cylin- 
ders to provide a braking effect can be reduced. In this 
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sense, the flow restricting device 610 may be consid- 
ered to be a fill-up device for fast filling of the wheel 
brake cylinders 44. 48. 

[0106] When the fluid pressure in the annular fluid 
chamber 41 6 is lowered down to the atmospheric level, 
the fluid In the pressurizing chamber 410 is pressurized 
by the small-diameter portion 403b of the pressurizing 
piston 402, so that the fluid pressure in the pressurizing 
chamber 410, which corresponds to a given amount of 
the brake operating force, can be made higher than 
when the fluid is pressurized by the large-diameter por- 
tion 403a, that is, than when the annular fluid chamber 
416 is not communicated with the reservoir 80. 
[0107] When the pressurizing piston 402 is retracted, 
the volume of the annular fluid chamber 416 is In- 
creased. The fluid is fed to the annular fluid chamber 
416 through the check valve 460 as the volume of the 
annular fluid chamber 41 6 is Increased, so that the fluid 
pressure in the annular fluid chamber 41 6 is prevented 
from being lowered below the atmospheric leveL 
[0108] The power-operated hydraulic pressure 
source device 598 includes a power-operated drive 
source 620, and a force transmitting device 622 opera- 
ble to transmit a drive force of the power-operated drive 
source 620 to the pressurizing piston 310 of the assist- 
ing cylinder 294. The fluid pressure in the pressurizing 
piston 310 of the assisting cylinder 294 is controlled to 
control the braking pressure P^q in the wheel brake cyl- 
inders 44, 48, by controlling the power-operated hydrau- 
lic pressure source device 598. 
[0109] In the present braking system, a pressure sen- 
- .sor 624 is connected to the fluid passage 323. to detect 
the output pressure of the hydraulic pressure source de- 
vice 590. The fluid pressure detected by the pressure 
sensor 624 also represents the braking pressure P^c 
in the rear wheel brake cylinders 48. When the fluid 
pressure detected by the pressure sensor 624 has in- 
creased to a value at which the fast filling of the wheel 
brake cylinders 44, 48 is expected to be completed, the 
electromagnetic shut-off valve 436 is switched to the 
closed state, so that the assisting cylinder 294 (wheel 
brake cylinders 44, 48) is substantially isolated from the 
master cylinder 392. In this state, the braking pressure 
Pwc controlled by the power-operated drive device 
620 such that the speed of movement of the pressuriz- 
ing piston 31 0 for a given operating amount of the pow- 
er-operated drive source 620 can be changed by the 
force transmitting device 622. In this embodiment, the 
speed of movement of the pressurizing piston 310 is 
higher when the operating stroke of the pressurizing pis- 
ton 310 is relatively small than when the operating 
stroke is relatively large. In the present embodiment, the 
power-operated drive source 620 is an electric motor 
620 (Fig. 25). The fluid pressure in the pressurizing 
chambers 314, 316 Is controlled by controlling the 
amount of electric current to be applied to the electric 
motor of the drive source 620. 

[01 1 0] The force transmitting 622 may be a lever ratio 



changing device 650 constructed as shown in Fig. 25. 
[0111] The lever ratio changing device 650 includes 
a motion converting device 654 and a link mechanism 
656. The motion converting device 654 is arranged to 

5 convert a rotary motion of an output shaft 652 of the 
electric motor 620 of the drive source 620 Into a linear 
motion of the pressurizing piston 310 of the assisting 
cylinder 294. The motion transmitting device 654 in- 
cludes an output shaft 658 which is operatively connect- 

10 ed through the link mechanism 656 to an input shaft 660 
of the pressurizing piston 310. The link mechanism 656 
is arranged to change a ratio of an amount of movement 
AL1 of the output shaft 658 to an amount of movement 
AL2 of the input shaft 660. The link mechanism 656 in- 

15 eludes a first lever 670 connected to the output shaft 
658 of the motion converting device 654, a second lever 
672 connected to the Input shaft 660, and a third lever 
674 connecting the first and second levers 670, 672. 
The first and second levers 670, 678 are supported by 

20 the frame of the lever ratio changing device 650 such 
that the levers 670. 672 are pivotable about respective 
pivot shafts 676, 678. The third lever 674 is connected 
at its opposite ends to the first and second levers 670, 
672 through respective connecting pins 680, 682: 

25 [0112] The motion converting device 654 includes a 
ballscrew mechanism. 

[0113] When the electric motor 620 is activated while 
the first lever 670 is located at a position indicated by 
solid line in Fig. 26, the output shaft 658 is moved by a 

30 distance corresponding to an amount of operation of the 
electric motor 620. so that the first lever 670 is pivoted 
to a position indicated by broke line, and the input shaft 
660 is accordingly moved by the link mechanism 656. 
As is apparent from Fig. 26, the second lever 672 is piv- 

35 oted by a larger angle when the electric motor 620 is 
activated with the first lever 670 located at the position 
indicated by the solid line, than at the position indicated 
by two-dot chain line. It will therefore be understood that 
the speed of movement of the input shaft 660 for a given 

40 angle of pivoting of the first lever 670 (for a given dis- 
tance of movement of the output shaft 658 or a given 
number of revolutions of the electric motor 620) is made 
higher when the operating stroke of the input shaft 660 
is relatively small than when the operating stroke is rel- 

45 atively large, as Indicated by solid line in the graph of 
Rg. 27. 

[0114] The above arrangement makes it possible to 
move the input shaft 660 at a relatively high speed im- 
mediately after the Initiation of a braking operation, so 

50 that the pressurized flu id can be deliveredf rom the pres- 
surizing chambers 31 4, 31 6 to the wheel brake cylinders 
44. 48 at a relatively high flow rate in a initial period of 
the braking operation. The present arrangement is ef- 
fective to reduce a delay in the activation of the wheel 

55 brake cylinders 44, 48 to provide a braking effect. 

[0115] It is also noted that the link mechanism 656 
changes a ratio of an operating force F2 acting on the 
input shaft 660 to an operating force F1 acting on the 
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output shaft 658, as indicated by broken line in Fig. 27. 
That is, the ratio F2/F1 increases with an increase in the 
operating stroke of the pressurizing piston 310 (with an 
Increase In the braking pressure Pwc)< ^^^^ brak- 
ing pressure P^q can be increased with an increase in 
the operating stroke of the pressurizing piston 310. 
[01 16] It will be understood that the force transmitting 
device 622 including the lever ratio changing device 650 
serves as a pressure Increase changing device opera- 
ble to change an amount of Increase of the braking pres- 
sure which corresponds to a given operating amount of 
the power-operated drive source 620. 
[0117] The force transmitting device 622 may be an 
elllptk:al gear mechanism 700 shown in Fig. 28, which 
serves In place of the lever ratio changing device 650 
shown in Fig. 25. The elliptical gear mechanism 700 in- 
cludes a pair of elliptical gears 702, 704 having respec- 
tive rotary shafts 706, 708 fixed thereto. Each of these 
rotary shafts 706. 7-8 is located at one of the two foci of 
the ellipse of the corresponding elliptical gear 702, 704. 
The two elliptical gears 702, 704 engage each other 
such that the rotary shafts 706, 708 are spaced apart 
from each other by the length of the major axis of the 
ellipse In the direction of the major axis. In the present 
embodiment, the rotary shaft 708 is connected through 
a speed reducing device 712 to an output shaft 710 of 
the electric motor 620 of the drive source, while the ro- 
tary shaft 706 Is connected through a motion converting 
device 71 6 to an input shaft 71 4 of the pressurizing pis- 
ton 310 of the assisting cylinder 294. 
[0118] As indicated in Figs. 29A and 29B. the rotating 
speed of the rotary shaft 706 for a given angle of rotation 
of the rotary shaft 708 Is higher when the operating 
stroke of the pressurizing piston 310 is relatively small 
as in the case of Fig. 29A than when the operating stroke 
Is relatively large as in the case of Fig. 29B. The pres- 
surizing fluid Is delivered from the pressurizing cham- 
bers 314, 316 to the wheel brake cylinders 44, 48 at a 
flow rate corresponding to the speed of movement of 
the pressurizing piston 31 0. In the present arrangement, 
the speed of movement of the pressurizing piston 310 
is made higher when the operating stroke of the pres- 
surizing piston 310 Is relatively small, that is, during an 
Initial period of a braking operation. 
[0119] The force transmitting device 620 may be a 
speed-ratio changing device In the form of a continuous- 
ly variable transmission (CVT), which Includes a pair of 
pulleys and a Vee-bett connecting these pulleys. One of 
the pulleys is mounted on an output shaft of a drive 
source in the form of an electric motor such that the pul- 
ley in question is rotated with the output shaft. The other 
pulley is mounted on an output shaft of the CVT, which 
Is connected to the input shaft of the pressurizing piston 
310 through a motion converting mechanism. Effective 
diameters of the pulleys at which the pulleys engage the 
Vee-belt are variable by a suitable mechanism such as 
a hydraulic actuator, so that a ratio of the effective di- 
ameter R1 of one of the pulleys to the effective diameter 



R2 of the other pulley can be changed to change the 
speed ratio of the CVT, that is, to change the ratio of the 
rotating speed of the output shaft of the CVT to the ro- 
tating speed of the output shaft of the electric motor (in- 
5 put Shaft of the CVT). 

[0120] Referring to Fig. 30, there will be described a 
braking system according to a tenth embodiment of this 
invention, which includes a master cylinder 800, and an 
assisting cylinder 802. The master cylinder 800 includes 
a housing 808, and two pressurizing pistons 810, 812 
fluid-tightly and slidably fitted in the housing 808. The 
pressurizing piston 81 0 is connected to the brake pedal 
24. The pressurizing piston 812 partially defining a pres- 
surizing chamber 816 on its front side, while the pres- 
surizing piston 810 partially defines a pressurizing 
chamber 81 8 on its front side. The front wheel brake cyl- 
inders 44 are connected through the fluid passage 42 
to the pressurizing chamber 81 6, while the rear wheel 
brake cylinders 48 are connected through the fluid pas- 
sage 46 to the pressurizing chamber 818. The fluid 
masses in the two pressurizing chambers 816, 818 of 
the master cylinder 800 are pressurized to the same lev- 
el, so that the braking pressures generated In the front 
and rear wheel brake cylinders 44, 48 are controlled to 
be equal to each other. The above-indicated assisting 
cylinder 802 serves as parts of the fluid passages 42, 
46. That is, the wheel brake cylinders 44, 48 are con- 
nected to the master cylinder through the assisting cyl- 
inder 802. 

[01 21 ] The pressurizing piston 81 0 Is a stepped piston 
having a small-diameter portion822 and a large-diame- 
ter portion 824. The small-diameter portion 822 partially 
defines the pressurizing chamber 81 8. The small-diam- 
eter and large-diameter portions 822, 824 and the hous- 
ing 808 cooperate to define an annular fluid chamber 
826. The small-diameter portion 822 has a communica- 
tion passage 828 for fluid communication between the 
annular fluid chamber 826 and the pressurizing cham- 
ber 818. The communication passage 828 is provided 
with a check valve 830 which permits a flow of the fluid 
in a direction from the annular fluid chamber 826 toward 
the pressurizing chamber 81 8 and inhibits a flow of the 
fluid In the reverse direction. 

[01 22] To the annular fluid chamber 826, there is con- 
nected the reservoir 80 through a valve device 832, 
which Includes a check valve 836 and a flow restricting 
device 837. The check valve 836 permits a flow of the 
fluid In a direction from the reservoir 80 toward the an- 
nular fluid chamber 826 and Inhibits a flow of the fluid in 
the reverse direction. The flow restricting device 837 in- 
cludes a pressure relief valve 838 and an orifice 840, as 
in the preceding embodiments. 

[01 23] The fluid masses In the annular fluid chamber 
826 and pressurizing chamber 818 are pressurized by 
an advancing movement (leftward movement as seen 
in Fig. 30) of the pressuring piston 810. The fluid pres- 
sure In the annular fluid chamber 826 Is increased until 
it reaches a preset relief pressure of the pressure relief 
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valve 838. While the fluid pressure in the annular fluid 
chamber 826 is higher than that In the pressurizing 
channber, the pressurized fluid is delivered from the an- 
nular fluid chamber 826 to the pressurizingchamberSI 8 
through the check valve 830, and is delivered to the 
wheel brake cylinders 44, 48. 

[0124] When the fluid pressure in the annular fluid 
chamber 826 has been increased to the relief pressure 
of the pressure relief valve 838, the pressurized fluid is 
discharged from the annular fluid chamber 826 to the 
reservoir 80 through the pressure relief valve 838. In this 
state, the fluid pressure in the pressurizing chamber 81 8 
is higher than that in the annular fluid chamber 826. but 
a flow of the pressurized fluid from the pressurizing 
chamber 818 to the annular fluid chamber 826 is pre- 
vented by the check valve 830. The pressurized fluid is 
delivered to the wheel brake cylinders 44, 48 from the 
pressurizing chambers 816,81 8, but not from the annu- 
lar fluid chamber 826.. 

[01 25] Subsequently, the fluid pressure in the pressu* 
rizing chamber 81 8 is increased as the pressurizing pis- 
ton 810 is further advanced. Since the fluid in the pres- 
surizing chamber 81 B is pressurized by the small-diam- 
eter portion 822, the fluid pressure in the pressurizing 
chamber 818 corresponding to a given operating force 
of the brake pedal 24 is higher than the pressure of the 
fluid which would be pressurized in the annular and 
pressurizing chambers 818. 826 by the large-diameter 
portion 824. Thus, the boosting ratio of the master cyl- 
inder 800 is increased when the fluid pressure in the an- 
nular fluid chamber 826 has been increased to the relief 
pressure of the pressure relief valve 838. 
[0126] The housing 808 has two ports communicating 
with the respective two pressurizing chambers 816,818 
through respective cut seals. The pressurizing cham^ 
bers 81 6, 81 8 are connected to the reservoir 80 through 
these ports and respective fluid passages. A return 
spring 842 is disposed between the front end wall of the 
housing 808 and the pressurizing piston 812, and a re- 
turn spring 844 is disposed between the two pressuriz- 
ing pistons 810, 812. 

[0127] The pressurizing chamber 816 is connected 
through a fluid passage 850 to the assisting cylinder 
802. The fluid passage 850 is provided with a stroke sim- 
ulator 852, which includes a simulator piston 854 slida- 
bly received in a housing, and a spring 855. The simu- 
lator piston 854 divides the interior of the housing into 
two variable-volume chambers 856, 858 , and the spring 
855 biases the simulator piston 854 in a direction from 
the second variable-volume chamber 858 toward the 
first variable-volume chamber 856. The pressurizing 
chamber 81 6 is connected to the first variable-volume 
chamber 816, while the assisting cylinder 802 is con- 
nected to the second variable-volume chamber 858. 
The spring 855 indicated above is disposed in the sec- 
ond variable-volume chamber 858 to bias the simulator 
piston 854 so as to reduce the volume of the first varia- 
ble-volume chamber 856. As the brake pedal 24 Is op- 



erated, the volume of the first variable-volume chamber 
856 is increased, so that a reaction force corresponding 
to the volume of the first variable-volume chamber 856 
is applied to the brake pedal 24. 
5 [0128] The fluid passages 42, 46 connecting the re- 
spective pressurizing chambers 816, 818 and the re- 
spective wheel brake cylinders 44, 48 are provided with 
respective master-cylinder cut-off valves 860, 862 in the 
form of electromagnetic shut-off valves. By selectively 
10 opening and closing the master-cylinder cut-off valves 
860, 862, the wheel brake cylinders 44, 48 are selec- 
tively communicated with or isolated from the master 
cylinder 800. The master-cylinder cut-off valves 860, 
862 are normally open valves which are placed in their 
IS open state when their solenoid coils are not energized. 
[0129] When the fast-filling of the wheel brake cylin- 
ders 44. 48 is completed while the electric system Is nor- 
mal, the master-cylinder cut-off valves 860, 862 are 
switched from the open state to the closed stale, so that 

20 the pressurized fluid is delivered from the master cylin- 
der 800 to the wheel brake cylinders 44, 48 in an initial 
period of a braking operation, and is subsequently de- 
livered from the assisting cylinder 802 to the wheel 
brake cylinder. If the electric system becomes defective, 

25 the master-cylinder cut-off valves 860, 862 are switched 
to the open state, so that the pressurized fluid is deliv- 
ered from the master cylinder 800 to the wheel brake 
cylinders 44, 48. Two check valves 863 are provided in 
parallel connection with the respective master-cylinder 

30 cut-off valves 860, 862. The check valves 863 pennit 
flows of the fluid in a direction from the master cylinder 
800 toward the wheel brake cylinders 44. 48 and inhibits 
flows of the fluid in the reverse direction. 
[0130] The assisting cylinder 802 is disposed in por- 

35 tions of the fluid passages 42, 46 downstream of the 
master-cylinder cut-off valves 860, 862. 
[0131] The assisting cylinder 802 is operated by a 
power-operated drive source in the form of an electric 
motor 864 which is bidirectionally operable. A rotary mo- 

"^0 tion of the electric motor 864 is converted by a motion 
converting device 866 into a linear motion of a drive 
shaft 874. Like the assisting cylinder 294 used in the 
sixth through ninth embodiments, the assisting cylinder 
802 Includes a housing 868, and a pressurizing piston 

45 870 which is fluid-tightly and slidably received In the 
housing 868. The pressurizing piston 870 is advanced 
by an advancing movement of the drive shaft 874 of the 
motion converting device 866. Namely, the pressurizing 
piston 860 is advanced and retracted by bidirectional 

50 operations of the electric motor 864. 

[0132] As shown in Fig. 30, a rotary motion of an out- 
put shaft 876 of the electric motor 864 is transmitted to 
a rotary shaft 880 through a pair of gears 877, 878, and 
a rotary motion of the rotary shaft 880 is converted by 

55 the motion converting device 866 Into the linear motion 
of the drive shaft 874. 

[0133] In Fig. 30, reference signs 881 a, 881 b denote 
a thrust bearing and a radial bearing, respectively, while 
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reference sign 881c denotes a flange. The flange 881c 
receives an axial form the pressurizing piston 870. 
[01 34] The pressurizing pistons 870, 872 partially de- 
fine respective pressurizing chambers 882. 884 on their 
front side (on their right side as seen In Fig, 30). These 
pressurizing chambers 882, 884 are connected to the 
respective wheel brake cylinders 44, 48. That is, the 
master cylinder 800 is con nected to the wheel brake cyl- 
inders 44, 48 through the respective pressurizing cham- 
bers 882. 884. 

[0135] The pressurizing piston 870 partially defines a 
rear pressure chamber 888 on its rear side (on its left 
side as seen in Fig. 30). The rear pressure chamber 888 
is connected through the fluid passage 850 to the sec- 
ond variable-volume chamber 858 of the stroke simula- 
tor 852, and to the reservoir 80 through a reservoir pas- 
sage 890. The reservoir passage 890 is provided with 
an electromagnetic shut-off valve 892, which is a nor- 
mally closed valve which is placed in its closed state 
when its solenoid coil is not-energized. The rear pres- 
sure chamber 888 is further connected through a fluid 
passage 894 to the pressurizing chamber 882, which is 
provided with an electromagnetic shut-off valve 896. 
This shut-off valve 896 is also a normally closed valve. 
The fluid pressure in the master cylinder 800 is detected 
by a pressure sensor 897 which is connected to a por- 
tion of the fluid passage 46 upstream of the master-cyl- 
inder cut-off valve 862. The fluid pressure in the wheel 
brake cylinders 44, 48 is detected by a pressure sensor 
898 connected to a portion of the fluid passage 42 down- 
stream of the assisting cylinder 802. 
[0136] There will be described an operation of the 
present braking system. The various electromagnetic 
control valves are normally placed In the original posi- 
tions of Fig. 30. When the brake pedal 24 is operated, 
the pressurized fluid is delivered from the master cylin- 
der 800 to the wheel brake cylinders 44, 48. The fluid in 
the master cylinder 800 is pressurized by the large-di- 
ameter portion 824 of the pressurizing chamber 81 0, un- 
til the fast filling of the wheel brake cylinders 44, 48 is 
completed. Accordingly, the fast filling can be completed 
in a relatively short time with the pressurized fluid deliv- 
ered to the wheel brake cylinders 44, 48 at a relatively 
high rate. 

[0137] When the fast filling is temiinated, the master- 
cylinder cut-off valves 860, 862 are closed, so that the 
braking pressure in the wheel brake cylinders 44, 48 is 
controlled by the assisting cylinder 294. 
[0138] While the braking pressure is not higher than 
a predetermined value, a hydraulic pressure control de- 
vice including the shut-off valves 892, 896 is placed in 
a first state in which the shut-off valve 892 is placed in 
the open state while the shut-off valve 896 Is placed In 
the closed state, as indicated in the table of Fig. 31 . 
[0139] In the first state wherein the second variable- 
volume chamber 858 of the stroke simulator 852 is com- 
municated with the reservoir 80 through the open shut- 
off valve 892, the volume of the second variable-volume 
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chamber 858 can be reduced, and the fluid pressurized 
in the pressurizing chamber 81 6 is absorbed in the first 
variable-volume chamber 856, so that a reaction force 
corresponding to the operating force of the brake pedal 
s 24 is applied to the brake pedal 24. 

[0140] In the meantime, the pressurizing piston 870 
of the assisting cylinder 802 is advanced by the electric 
motor 864, so that the volume of the rear pressure 
chamber 888 is Increased. The rear pressure chamber 
10 888 Is supplied with the fluid from the reservoir 80 or 
stroke simulator 852, so that the fluid pressure in the 
rear pressure chamber 888 is prevented from being low- 
ered below the atmospheric level. Namely, the rear 
pressure chamber 888 is held at a pressure substantial- 
f5 ly equal to the atmospheric level. The pressurizing pis- 
ton 860 receives a drive force Fd corresponding to the 
drive torque of the electric motor 864. The fluid pressure 
In the pressurizing chamber 882 Is Increased as the 
pressurizing piston 870 is advanced, so that the pres- 
20 surizing piston 872 is advanced to increase the fluid 
pressure in the pressurizing chamber 884. The fluid 
pressure P in the pressurizing chambers 882, 884 is rep- 
resented by the following equation: 
P = Fd/AI , wherein "A1" represents a pressure-receiv- 
ing suriace area of the pressurizing piston 870 which 
partially defines the pressurizing chamber 882. 
The drive force Fd, that is, the amount of electric current 
to be applied to the electric motor 864 is controlled such 
that the fluid pressure in the pressurizing chamber 882 
detected by the pressure sensor 898 coincides with a 
desired value detennined on the basis of the operating 
force of the brake pedal 24. 

[0141] When the braking pressure In the wheel brake 
cylinders 44, 48 has been increased to the predeter- 
mined value, the hydraulic pressure control device is 
switched to a second state In which the shut-off valve 
892 is closed to Isolate the rear pressure chamber 888 
from the reservoir 80 while the shut-off valve 896 is 
opened for fluid communication between the pressuriz- 
ing chamber 882 and the rear pressure chamber 888, 
so that the fluid pressure in the rear pressure chamber 
888 is made equal to that in the pressurizing chamber 
882. The pressurizing piston 870 receives a sum of the 
force based on the fluid pressure In the rear pressure 
chamber 888 and the drive force Fd corresponding to 
the drive torque of the electric motor 864, so that the 
fluid in the pressurizing chamber 882 is pressurized to 
a value corresponding to this sum. The fluid pressure P 
in the pressurizing chamber 882 Is represented by the 
following equation: 

p = P-AI- Fd + P-A3, wherein "A3" represents the pres- 
sure-receiving surface area of the pressurizing piston 
870 which partially defines the rear pressurizing cham- 
ber 888. 

In this second state, too, the amount of electric current 
to be applied to the electric motor 864 is controlled such 
that the fluid pressure in the pressurizing chamber 8822 
coincides with a desired value determined by the oper- 
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ating force of the brake pedal 24. 
[0142] As indicated in Fig. 31 , the rate of increase of 
the fluid pressure in the pressurizing channbers 882. 884 
is higher In the second state than in the first state, for a 
given rate of increase of the drive force Fd. It will also s 
be understood that the pressurized fluid is delivered 
from the pressurizing chambers 882, 884 at a high flow 
rate in the first state than In the second state, for a given 
operating stroke of the pressurizing piston 870. In the 
present embodiment, the rate of increase of the fluid io 
pressure In the wheel brake cylinders 44. 48 can be 
changed for a given rate of increase of the drive torque 
of the electric motor 864. and the rate of flow of the pres- 
surized fluid from the pressurizing chambers 882, 884 
can be changed, for a given operating stroke of the pres- is 
surizing piston 860. 

[0143] It will be understood that the shut-off valves 
892. 896 serve as the pressure-increase changing de- 
vice operable to change the amount of increase of the 
braking pressure corresponding to a given operating 
amount of the electric motor 864. 
[0144] When the brake pedal 24 is released, the so- 
lenoid coils of the master-cylinder cut-off valves 860, 
862 are de-energized. At least one of the shut-off valves 
982, 896 is desirably held in the open state for a time 25 
enough to return the entire volume of the fluid from the 
rear pressure chamber 888 to the reservoir 80 and/or 
the pressuring chamber 816. The fluid is returned from 
the rear pressure chamber 888 to the reservoir 80 
through the reservoir passage 890 and the shut-off 30 
valve 892, and/or to the pressurizing chamber 816 
through the fluid passages 894. 42 and the shut-off 
valve 896. Further, the fluid is returned from the rear 
pressure chamber 888 to the second variable-volume 
chamber 858 of the stroke simulator 852, so that the en- 35 
tire volume of the fluid is returned from the first variable 
volume chamber 856 to the master cylinder. 
[0145] Referring to Fig.32, there will be described a 
braking system constructed according to an eleventh 
embodiment of this Invention. 40 
[01 46] The braking system of Fig. 32 includes a mas- 
ter cylinder 950 which includes a single pressurizing pis- 
ton 952. This pressurizing piston 95 does not define a 
rear pressure chamber on its rear side. 
[0147] A pressurizing chamber 954 formed on the ^5 
front side of the pressurizing piston 952 is connected to 
the front brake cylinders 44 through the fluid passage 
42. The master-cylinder cut-off valve 860 and the as- 
- sisting cylinder 802 are connected to the fluid passage 
42, in series connection with each other, such that the so 
assisting cylinder 802 Is disposed downstream of the 
master-cylinder cut-off valve 860. To the pressurizing 
chamber 954 is also connected to the rear pressure 
chamber 888 through a fluid passage 960, which is pro- 
vided with an electromagnetic shut-off valve 962. This 55 
shut-off valve 962 is a normally open valve. As in the 
tenth embodiment, the pressurizing chamber 882 and 
the rear pressure chamber 888 of the assisting cylinder 



802 are connected to each other through a connecting 
passage 964. which is provided with an electromagnetic 
shut-off valve 966. This shut-off valve 966 is a normally 
closed valve. 

[0148] In the present embodiment, the master-cylin- 
der cut-off valve 860 Is placed in the closed state during 
a normal braking operation. In this closed state of the 
cut-off valve 860, the fluid pressure in the wheel brake 
cylinders 44, 48 Is controlled by the assisting cylinder 
802. The amount of electric current to be applied to the 
electric motor 864 Is controlled such that the fluid pres- 
sure In the pressurizing chambers 882, 684 coincides 
with a desired value determined by the brake operating 
force. The braking pressure is detected by a pressure 
sensor 968 connected to the fluid passage 46, and the 
fluid pressure in the master cylinder 950 is detected by 
a pressure sensor 970 connected to the fluid passage 
960. 

[0149] While the braking pressure is not higher than 
a predetermined value^ a hydraulic pressure control de- 
vice Including the shut-off valves 962, 966 is placed in 
a first state in which the shut-off valve 962 Is placed in 
the open state while the shut-off valve 966 is placed in 
the closed state, as indicated in the table of Fig. 33. 
[0150] In the first state, the pressurizing piston 870 is 
moved by an operation of the electric motor 864, and 
the volume of the volume of the rear pressure chamber 
888 Is increased or reduced with the fluid flowing be- 
tween the rear pressure chamber 888 and the pressu- 
rizing chamber 954, as the pressurizing piston 870 is 
moved. The pressurizing piston 870 receives the drive 
force Fd corresponding to the drive torque of the electric 
motor 864. 

[0151] The relationship between the drive torque and 
operating speed of the electrk: motor 864 is determined 
by the operating characteristics of the electric motor 
864, and the drive force acting on the pressurizing piston 
870 and the speed of movement of the pressurizing pis- 
ton 870 are detennined by the amount of electric current 
applied to the electric motor 864 and the fluid pressure 
in the pressurizing chamber 882. In the present embod- 
iment, the operating characteristics of the electric motor 
864, the construction of the assisting cylinder 802, the 
specifications of the motion converting mechanism 866, 
and the control gain are determined such that by con- 
trolling the amount of electric current to be applied to 
the electric motor 864, on the basis of the operating 
force of the brake pedal 24, the volume of the rear pres- 
sure chamber 888 changes with a change in the oper- 
ating state of the brake pedal 24, that Is, with a change 
in the volume of the pressurizing chamber 954, while 
the fluid pressure in the rear pressure chamber 888 is 
controlled to a value corresponding to the operating 
force of the brake pedal 24. According to this arrange- 
ment, the reaction force corresponding to the operating 
force of the brake pedal 24 is applied to the brake pedal 
24, in the first state. That is, the present arrangement 
prevents an excessively large reaction force acting on 
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the brake pedal 24 in the first state. 
[01 52] The pressurizing piston 870 receives a sum of 
the force based on the fluid pressure in the rear pressure 
chamber 888 and the drive force Fd corresponding to 
the drive torque of the electric motor 864. Since the fluid s 
pressure in the rear pressure chamber 888 is equal to 
a fluid pressure PM in the pressurizing chamber 954, 
the fluid pressure P in the pressurizing chamber 816 is 
represented by the following equation: 

10 

P = (P.MA3 + Fd)/A1 

In the present embodiment, the fluid pressure P is con- 
trolled to a value of y PM, which Is a product of the mas- 
ter cylinder pressure PM (corresponding to the brake 
operating force) and a boosting ratio y- Accordingly, the 
above equation may be converted into the following 
equation: 

20 

P = (Y • Fd)/(Y • A1 - A3) 

[0153] When the braking pressure has been in- 
creased to the predetermined value, the hydraulic pres- 25 
sure control device is switched to a second state in 
which the shutOoff valve 966 is placed in the open state 
while the shut-off valve 62 is placed in the closed state, 
as indicated in Fig. 33. In this second state, the fluid 
pressure P in the pressurizing chamber 882 is repre- 30 
sented by the following equation: 

P = Fcl/(A1 - A3) 

35 

[0154] Thus, the present embodiment is also ar- 
ranged such that the fluid pressure in the pressurizing 
chambers 882, 884 is increased at different rates in the 
first and second states, for a given amount of change 
AFd of the drive force Fd generated by the electric motor 40 
864, and such that the pressurizing fluid is delivered 
from the pressurizing chambers 882, 884 to the wheel 
brake cylinders 44, 48 in the first and second states, for 
a given operating stroke of the pressurizing piston 870. 
[0155] It will be understood that the shut-off valves 
962, 966 serve as the pressure-increase changing de- 
vice operable to change the amount of increase of the 
braking pressure corresponding to a given operating 
amount of the electric motor 864. 

[0156] It is to be understood that the present invention so 
may be embodied with various other changes, modifi- 
cations and improvements, such as those described in 
the SUMMARY OF THE INVENTION, which may occur 
to those skilled in the art, without departing from the spir- 
it and scope of the invention defined in the following 55 
claims: 



Claims 

1. A braking system characterized by comprising: 

a power-operated hydraulic pressure source 
(12) operable to deliver a pressurized working 

fluid; 

a brake including a hydraulically operated 
brake cylinder (44, 48); and 
a flow-rate changing device (88, 90, 92, 150; 
240, 242, 150; 340. 342. 344, 150; 436, 438. 
440. 342, 150; 436, 438, 440, 150) disposed 
between said power-operated hydraulic pres- 
sure source and said brake cylinder and oper- 
able to change a rate of flow of the pressurized 
working fluid into said brake cylinder, which rate 
corresponds to a given rate at which the pres- 
surized working fluid is delivered from said 
power-operated hydraulic pressure source. 

2. A braking system according to claim 1 , further com- 
prising a hydraulic cylinder (10; 202) disposed be- 
tween said power-operated hydraulic pressure 
source and said brake cylinder and Including (a) a 
housing (21 ; 228), and (b) a pressurizing piston (1 8; 
214) fluid-tightly and slidably fitted in said housing 
and having two pressure-receiving surface areas 
which are different from each other and which re- 
spectively partially define a front pressurizing 
chamber (26, 28; 220, 222, 224) and a rear pres- 
sure chamber (30; 226) on front and rear sides of 
said pressurizing piston, said hydraulic cylinder be- 
ing operable to supply said brake cylinder with the 
pressurized working fluid delivered from said front 
pressurizing chamber as said pressurizing piston is 
advanced, 

and wherein said flow-rate changing device 
includes a switching device (90, 92; 240, 242) hav- 
ing a first state in which the pressurized working flu- 
id is delivered from said power-operated hydraulic 
pressure source to one of said front pressurizing 
chamber and said rearpressurechamberwhich has 
a larger one of said two pressure-receiving surface 
areas, and a second state in which the pressurized 
working fluid is delivered from said power-operated 
hydraulic pressure source to the other of said front 
pressurizing chamber and said rear pressure cham- 
ber. 

3. A braking system according to claim 2, wherein said 
flow-rate changing device further includes a dis- 
charge-flow inhibiting device (90; 240) operable to 
inhibit a discharge flow of the pressurized from said 
rear pressure chamber while the pressurized fluid 
is delivered from said power-operated hydraulic 
pressure source to said front pressurizing chamber 
under the control of said switching device. 
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4. A braking system according to claim 3. further com- 
prising a check valve (232; 250) disposed in parallel 
connection with said discharge-flow Inhibiting de- 
vice (90; 240). said check valve permitting a flow of 
the pressurized fluid in a first direction from said 
power-operated hydraulic pressure source toward 
said rear pressure chamber and Inhibits a flow of 
the pressurized fluid in a second direction opposite 
to said first direction. 

5. A braking system according to claim 1 , further com- 
prising a manually operable brake operating mem- 
ber (24), and a hydraulic cylinder (202) disposed 
between said power-operated hydraulic pressure 
source and said brake cylinder, said hydraulic cyl- 
inder including (a) a housing (228), (b) a first pres- 
surizing piston (214) fluid-tightiy and slldably fined 
in said housing and operatively connected to said 
brake operating member, said first pressurizing pis- 
ton partially defining a rear pressure chamber (226) 
on a rear side thereof, and (c) a second pressurizing 
piston (210) separate from said first pressurizing 
piston and partially defining a front pressurizing 
chamber (220) on a front side thereof, said second 
pressurizing piston cooperating with said first pres- 
surizing piston to partially define an intermediate 
fluid chamber (224) therebetween, said hydraulic 
cylinder being operable to supply said brake cylin- 
der with the pressurized working fluid delivered 
from said front pressurizing chamber as said sec- 
ond pressurizing piston is advanced, 

and wherein said flow-rate changing device 
Includes a switching device (240, 242) having a first 
state in which the pressurized working fluid is deliv- 
ered from said power-operated hydraulic pressure 
source to said rear pressure chamber, and a second 
state in which the pressurized working fluid is deliv- 
ered from said power-operated hydraulic pressure 
source to said intemriediate fluid chamber. 

6. A braking system according to any one of claims 
2-5, wherein said switching device includes a com- 
munication control valve device (90, 92; 240, 242) 
operable for selective fluid communication of said 
power-operated hydraulic pressure source (12) 
with one of at least two fluid chambers of said hy- 
draulic cylinder, said at least two fluid chambers in- 
cluding said front pressurizing chamber and said 

' rear pressure chamber. 

7. A braking system according to any one of claims 
2-6, further comprising a pressure control device 
(86) operable to control a pressure of the pressu- 
rized fluid in at least one of at least two fluid cham- 
bers of said hydraulic chamber, on the basis of an 
operation-related amount representative of an op- 
erating state of a manually operable brake operat- 
ing member (24), said at least two fluid chambers 
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including said front pressurizing chamber and said 
rear pressure chamber. 

8. A braking system according to claim 1 . further com- 
s prising: 

a low-pressure source (80) for storing the work- 
ing fluid at a pressure substantially equal to an 
atmospheric level; 
10 a hydraulic cylinder (392) disposed between 

said power-operated hydraulic pressure source 
and said brake cylinder and including (a) a 
housing (400), (b) a stepped pressurizing pis- 
ton (402) fluid-tightly and slidably fitted in said 
IS housing and including a small-diameter portion 

(403b) partially defining a front pressurizing 
chamber (41 0) on a front side thereof, and a 
large-diameter portion (403a) having a larger 
diameter than said small-diameter portion and 
partially defining a rear pressure chamber (41 4) 
on a rear side thereof, said large-diameter por- 
tion cooperating with an outer circumferential 
surface of said small-diameter portion to par- 
tially define an annular fluid chamber (416), 
said hydraulic cylinder being operable to supply 
said brake cylinder with the pressurized fluid 
delivered from said front pressurizing chamber 
as said pressurizing piston is advanced, 
and wherein said flow-rate changing device in- 
cludes a communicating valve device (438, 
453) operable while the pressurized fluid is de- 
livered from said power-operated hydraulic 
pressure source to said rear pressure chamber, 
said communicating valve device having a first 
state for permitting a supply flow of the pressu- 
rized fluid from said annular fluid chamber to 
said brake cylinder, and a second state for per- 
mitting a discharge flow of the pressurized fluid 
from said annular fluid chamber to said low- 
pressure source, said communicating valve de- 
vice being switched from said first state to said 
second state while said pressurizing piston is 
advanced. 

9. A braking system according to any one of claims 
1 -8, further comprising: 

a master cylinder (292; 392) including (a) a 
housing (400), and (b) a pressuring piston (300; 
412) fluid-tightly and slidably fitted in said hous- 
ing and partially defining a front pressurizing 
chamber (302; 410,41 6) on a front side thereof, 
said pressurizing piston being advanced by an 
operation of a manually operable brake operat- 
ing member (24), said master cylinder being 
operable to supply said brake cylinder with the 
pressurized working fluid delivered from said 
front pressurizing chamber as said pressurizing 
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piston is advanced; 

a hydraulic booster (304; 414) operable to ap- 
ply an assisting force based on a pressure of 
the pressurized working fluid received from 
said power-operated hydraulic pressure source 
(12); and 

an assisting cylinder (294) including a pressu- 
rizing piston (310, 312) which partially defines 
a pressurizing chamber (314,316) on a front 
side thereof and which is advanced by the pres- 
surized working fluid received from said power- 
operated hydraulic pressure source, said as- 
sisting cylinder being operable to supply said 
brake cylinder with the pressurized working flu- 
id delivered from said pressurizing chamber 
thereof as said pressurizing piston thereof is 
advanced, 

and wherein said flow-rate changing device In- 
cludes a switching device (340, 342, 344; 342, 
436, 438, 440; 436, 438, 440, 51 6) having a first 
state in which the pressurized working fluid is 
delivered from said power-operated hydraulic 
pressure source to said hydraulic booster, and 
a second state in which the pressurized work- 
ing fluid is delivered from said power-operated 
hydraulic pressure source to said assisting cyl- 
inder. 

10. A braking system according to any one of claims 
1-9, wherein said flow-rate changing device is op- 
erable to change said rate of flow of the pressurized 
working fluid into said brake cylinder (44, 48). on 
the basis of a pressure of the fluid in said brake cyl- 
inder. 

11. A braking system according to any one of claims 
1-10, wherein said flow-rate changing device is op- 
erable to change said rate of flow of the pressurizing 
working fluid Into said brake cylinder (44, 48), on 
the basis of a rate of increase of a pressure of the 
fluid in said brake cylinder. 

12. A braking system according to any one of claims 
1-11 , wherein said flow-rate changing device is op- 
erable to change said rate of flow of the pressurized 
working fluid Into said brake cylinder, when a pres- 
sure of the fluid in said brake cylinder has reached 
a predetermined value which is detenmined on the 
basis of an operating state of said power-operated 
hydraulic pressure source (12). 

13. A braking system according to any one of claims 
1-12, wherein said power-operated hydraulic pres- 
sure source includes a pump device (12) compris- 
ing (a) an electric motor (84) operable with an elec- 
tric energy, and (b) a pump (82) driven by said elec- 
tric motor to deliver the pressurized working fluid, 

and wherein said flow-rate changing device Is 



operable to change said rate of flow of the pressu- 
rized working fluid into said brake cylinder when a 
pressure of the fluid in said brake cylinder has 
reached a predetermined value which is determined 
s on the basis of an amount of electric energy applied 
to said electric motor. 

14. A braking system according to any one of claims 
1-13, wherein said flow-rate changing device is op- 

10 erable to change said rate of flow of the pressurized 
working fluid into said brake cylinder when a pres- 
sure of the fluid in said brake cylinder has reached 
a predetenmined value which is determined on the 
basis of a temperature of said working fluid. 

15 

15. A braking system according to any one of claims 
1 -14, wherein said flow-rate changing device is op- 
erable to change the rate of flow of the pressurized 
working fluid into said brake cylinder on the basis 

20 of an operation-related amount of a manually oper- 
able brake operating member (24). 

18. A braking system according to any one of claims 

1- 15, wherein said flow-rate changing device Is op- 
25 erable to change the rate of flow of the pressurized 

working fluid into said brake cylinder on the basis 
of a pressure of the pressurized working fluid deliv- 
ered from said power-operated hydraulic pressure 
source. 

30 

17. A braking system according to any one of claims 

2- 15. wherein said flow-rate changing device is op- 
erable to change the rate of flow of the pressurized 
working fluid into said brake cylinder on the basis 

35 of a pressure of the pressurized working fluid in said 
front pressurizing chamber (26, 28; 220, 222, 224) 
of said hydraulic cylinder (20; 202). 

18. A braking system characterized by comprising: 

40 

a power-operated hydraulic pressure source 
(598; 802) including a power-operated drive 
source (620; 864) and operable to deliver a 
pressurized woricing fluid; 
a brake including a brake cylinder (44, 48) op- 
erated by the pressurized working fluid deliv- 
ered from said power-operated hydraulic pres- 
sure source; and 

a pressure-increase changing device (622; 
so 892, 896; 962, 966) operable to change an 

amount of increase of a pressure of the fluid in 
said brake cylinder, which amount of increase 
corresponds to a given operating amount of 
said power-operated drive source. 

55 

19. A braking system according to claim 18, wherein 
said power-operated hydraulic pressure source 
comprises a hydraulic cylinder (294; 802) including 
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(a) a housing (328; 868), and (b) a pressurizing pis- 
ton.(31 0,312; 870. 872) fluid-tightiy and slidably f it- 
ted in said housing, partially defining a front pres- 
surizing chamber (314. 316; 882, 884) on a front 
side thereof and advanced by an operation of said 
power-operated hydraulic pressure source, said hy- 
draulic cylinder being operable to supply said brake 
cylinder with the pressurized working fluid delivered 
from said front pressurizing chamber as said pres- 
surizing piston is advanced. 

20. A braking system according to claim 19, wherein 
said pressure-increase changing device (622) is 
operable to change an operating amount of said 
pressurizing piston (310, 312) corresponding to 
said given operating amount of said power-operat- 
ed drive source of said power-operated hydraulic 
pressure source. 

21. A braking system according to claim 19 or 20, 
wherein said power-operated hydraulic pressure 
source (598) includes said power-operated drive 
source (620), said hydraulic cylinder (294) and a 
force transmitting device (622) disposed between 
said power-operated drive device and said hydrau- 
Ik: cylinder, 

and wherein said pressure-increase changing 
device (622) Includes a transmitting-manner chang- 
ing portion (650; 700) operable to change a manner 
of transmitting a force from said power-operated 
drive source to said pressurizing piston (310, 312) 
of said hydraulic cylinder, for changing an operating 
amount of said pressurizing piston corresponding 
to said given operating amount of said power-oper- 
ated drive source, to thereby change a rate of flow 
of the pressurizing working fluid from said front 
pressurizing chamber (314,31 6>into said brake cyl- 
inder. 

22. A braking system according to claim 21 , wherein 
said power-operated drive source is an electric mo- 
tor (620) including an output shaft (712), and said 
force transmitting device Includes: 

a rotary motion transmitting device (700, 712) 
Including an output shaft and operable to con- 
vert a rotary motion of an output shaft (71 0) of 
said electric motor into a rotary motion of said 
output shaft of said rotary motion transmitting 
device such that a rotating speed of said output 
shaft of said rotary motion transmitting device 
is different from that of said output shaft of said 
electric motor; and 

a motion converting device (716) operable to 
convert the rotary motion of said output shaft of 
said rotary motion transmitting device into a lin- 
ear motion of said pressurizing piston (310. 
312). 



23. A braking system according to claim 21 , wherein 
said power-operated drive source is an electric mo- 
tor (620) having an output shaft (652), and said 
force transmitting device (622) includes 

5 

a motion converting device (654) including an 
output shaft (658) and operable to convert a ro- 
tary motion of said output shaft of said electric 
motor into a linear motion of said output shaft 

10 of said motion converting device; and 

a link mechanism (656) operable to transmit the 
linear motion of said output shaft of said motion 
converting device to said pressurizing piston 
(31 0, 312) of said hydraulic cylinder (294) such 

15 that a speed of the linear motion of the output 

shaft of said motion converting device is differ- 
ent from a speed of the linear motion of said 
pressurizing piston. 

20 24. A braking system according to claim 19, wherein 
said pressurizing piston partially defines a rear 
pressure chamber (888) on a rear side thereof, and 
said pressure-increase changing device Includes a 
communication switching device (892, 896; 962, 

25 966) having a first state in which said rear pressure 
chamber is communicated with said front pressuriz- 
ing chamber (882, 884), and a second state in which 
said rear pressure chamber is isolated from said 
front pressurizing chamber. 

30 

25. A braking device according to claim 24, further com- 
prising a low-pressure source (80) for storing the 
working fluid at a pressure substantially equal to an 
atmospheric level, and wherein said communica- 

35 tion switching device (892, 896) is operable to Iso- 
late said rear pressure chamber (888) from said 
front pressurizing chamber (882, 884) and commu- 
nicate said ear pressure chamber with said low- 
pressure source. 

40 

26. A braking device according to claim 24, further com- 
prising a master cylinder system including a master 
cylinder (802) operable to pressurize the working 
fluid according to an operation of a manually oper- 

15 able brake operating member (24), and wherein 
said communication switching device (962, 966) is 
operable to isolate said rear pressure chamber 
(888) from said front pressurizing chamber (882, 
884) and communicate said rear pressure chamber 

50 with said maser cylinder system. 

27. A braking system according to claim 25, further 
comprising a master cylinder system comprising a 
master cylinder (800) including a pressuring piston 

55 (810, 812) which partially defines a front pressuriz- 
ing chamber (81 6, 81 8) on a front side thereof, said 
master cylinder being operable to pressurize the 
working fluid in said front pressurizing chamber ac- 
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cording to an operation of a manually operable 
brake operating member (24), and wherein said 
master cylinder system further comprises a stroke 
simulator (852) including a housing, a simulator pis- 
ton (854) which is fluid-tightly and slidably fitted in 5 
said housing and which cooperates with said hous- 
ing to define two variable-volume chambers (856, 
858). and biasing means (855) biasing the simulator 
piston in a direction that causes a volume of one 
(856) of said two variable-volume chambers to de- io 
crease, said one variable-volume chamber being 
connected to said front pressurizing chamber of 
said master cylinder, 

and wherein said communication switching 
device (892, 896) is operable to isolate said rear is 
pressure chamber (888) from said front pressuriz- 
ing chamber (882, 884) of said hydraulic cylinder 
(802) and communicate said rear pressure cham- 
ber with the other (858) of said two variable-volume 
chambers of said stroke simulator 



28. A braking system according to any one of claims 
24-27, wherein said communication switching de- 
vice includes an electromagnetic control valve (896; 
966) provided in a fluid passage (894; 964) connect- 25 
ing said rear pressure chamber and said front pres- 
surizing chamber of said hydraulic cylinder (802), 
said electromagnetic control valve being electrically 
switched between an open state for fluid communi- 
cation between said rear pressure chamber and 30 
said front pressurizing chamber of said hydraulic 
cylinder, and a closed state for isolation of said rear 
pressure chamber and said front pressurizing 
chamber of said hydraulic cylinder from each other. 

35 

29. A braking system characterized by comprising: 



a hydraulic pressure source device (590; 800, 
802; 802, 950) including a hydraulic pressure 
control device (596; 834, 860, 862, 892, 896; 40 
860, 962, 966) and operable to deliver a con- 
trolled pressurized working fluid; 
a brake including a brake cylinder (44, 48) op- 
erated by the pressurized working fluid deliv- 
ered from said hydraulic pressure source de- 45 
vice; and 

a pressure-increase changing device (622; 
892, 986; 962, 966) operable to change an 
amount of increase of a pressure in said brake 
cylinder, which amount of increase corre- so 
sponds to a given amount of change of a control 
value of said hydraulic pressure control device. 
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characterized by the master cylinder being located between 
the power- operated hydraulic pressure source and the brake 
(claims 2, 5 and 8 and sub-claims). 



2. Claim : 9 

Braking system comprising a flow-rate changing device 
characterized by further comprising a hydraulic booster and 
an assisting device. 



3. Claims: 10,12-14 

Braking systems comprising a flow- rate changing device 
characterized by the flow rate changing device changing the 
rate of flow on the basis of the pressure in the brake. 



4. Claim : 15 

Braking system comprising a flow-rate changing device 
characterized by the flow rate changing device changing the 
rate of flow on the basis of an operation related amount of 
a manually operable brake operating member. 



5. Claim : 16 

Braking systems comprising a flow- rate changing device 
characterized by the flow rate changing device changing the 
rate of flow on the basis of the pressure of the fluid 
delivered from the power operated hydraulic pressure source. 



6. Claim : 23 

Braking system comprising a pressure-increase changing 
device characterized by the force transmitting device of the 
pressure- increase changing device including a link mechanism. 



7. Claims: 24-28 

Braking systems comprising a pressure- increase changing 
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